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resulted  in  preliminary  revisions  of  the  relationships  of 
the  genera  of  the  Calaaoideae  and  i^trcoiylinae.  MetroKylon 
was  determined  to  be  a monophyletic  genus  with  section 
Hetroxylon  being  sister  to  section  Coelococcus. 

Sobseguently,  section  Hetroxylon  was  used  to  polarise  the 
characters  used  in  Che  cladistic  analysis  of  section 
Coelococcus. 

The  cladistic  analysis  of  aecclon  Coelococcua  Indicated 
a set  of  hypothesised  phylogenetic  relationships  of  the  five 
species  and  supported  the  traditional  taxonomic  validity  of 
each.  The  species  circumscriptions  and  descriptions  were 
revised  on  the  basis  of  extensive  fieldwork,  herbarium 
studies,  and  the  cladistic  analysis.  The  species 
circumscriptions  and  relationships  then  were  used  in 
biogeographical  and  ethnobotanical  studies,  which  supported 
possible  natural  and  anthropogenic  hypotheses  of  their 
distributions. 


CHAPTER  1 
INTRODUCTION 

The  germs  Metroxylon  is  spread  from  Thailand^ 
peninsular  Malaysia  and  Indonesia,  to  Micronesia,  Fiji,  and 
Samoa.  The  trees  are  found  at  low  altitudes  generally  in 
swamps  from  17*  S to  15-16°  N latitude.  The  genus  is  of 
significant  economic  importance  {chapter  eight]  in  a number 
of  traditional  societies  and  is  of  ever  increasing 
importance  in  the  nations  of  Malaysia,  Indonesia  and  Papua 
New  Guinea.  Because  of  their  7alue,  these  species  have  been 
iDoeed  from  place  to  place  by  traditional  peoples,  with  much 
of  the  present  distribution  (see  chapter  seven  L eight] 
probably  due  to  multiple  aboriginal  introductions. 
Surprisingly,  these  palms  do  not  appear  to  have  been 
introduced  into  northern  Australia. 

The  genus  was  first  described  by  Stecb  (1757)  in  his 
dissertation,  De  Sagu.  The  name  Metroxylon  was  first  used 
by  Rottboell  (1783)  and  refers  to  the  soft  nutritious  pith 
found  within  the  trunks.  Cfuring  the  lace  IBOOs  Wendland 
(1662,  1676)  applied  the  generic  name  Coelococcus  to  those 
taxa  located  in  Fiji  and  the  Solomon  islands.  Beccari 
11914)  treated  these  species  within  Metroxylon  section 
Coelococcus,  with  the  former  members  of  MsCcoxylon  being 
placed  in  section  Metroxylon.  Section  Metroxylon  has 


recently  been  reviewed  by  Rauwerdink  (1906)  who  also 
included  some  discussion  of  Che  meiobers  of  section 
Coelococcus. 

The  purposes  of  this  study  are  to  elucidate  the 
relationships  of  M&troxylon  to  other  Lepidiocaryoid  palms 
and  clarify  relationships  within  Metraxyloa,  especially  of 
the  species  within  section  Coelococccs.  These  relationships 
have  been  explored  through  field  observations,  study  of 
herbarium  materials  (including  type  specimens),  and 
cladistic  analyses. 

Preliminary  studies  of  the  taxonomic  history  of  section 
Coelococcus  have  revealed  that  it  is  integrally  Intertwined 
with  the  much  more  extensive  history  of  section  Metroxylon, 
In  order  to  understand  the  full  cultural  and  economic  value 
of  these  palms  it  is  important  to  view  the  history  of  the 
genus  as  a whole.  Historically  the  term  "sago"  not  only  has 
been  applied  to  Metroxylon  but  also  to  other  starch 
producing  palms  and  cycads. 

Prior  to  conducting  cladistic  analyses  of  the  species 
of  section  Coeloccccvs,  field  studies  of  a variety  of 
populations  and  all  of  the  traditionally  recognized  species 
were  conducted  throughout  their  range  in  the  Hestem 
Pacific.  Herbarium  specimens  were  also  studied  at  herbaria 
in  Berlin,  Germany  (B);  the  Bailey  Hortorium,  Ithaca,  New 
York  (BH);  the  Bishop  Museum,  Honolulu  (BISH);  the  British 
Museum  (BM);  the  Bean  Museum,  Provo,  Utah  (BBY(;  the  Solomon 


Islands  SoTernment  herbarium,  Honiara (BSIP) ; riorence,  Italy 
IFI);  the  Fairchild  Tropical  Garden,  Miami,  Florida  (FTG); 
Kew,  England  4K);  Munich,  Germany  IK);  and  the  South  Pacific 
Regional  Herbarium,  Suva,  Fiji  (SUVA) . Additionally, 
herbarium  specimens  were  borrowed  from  the  Harvard 
University  Herbaria  |A,GH)  and  Singapore  1SIK).  Field  wor)c 
(resulting  in  herbarium  collections]  was  conducted  in  the 
Federated  States  of  Micronesia,  Fiji,  Guam,  Palau,  Rotuma, 
Samoa,  the  Solomon  Islands.  Collections  have  been  placed  in 
BH,  BRY,  B51P,  FLA5,  FT6,  and  SUVA.  Preserved  leaf 
collections  were  also  prepared  from  each  country  for  use  in 
anatomical  studies  and  for  molecular  studies  underway  in  the 
United  Kingdom,  Additionally,  fresh  leaf  collections  were 
obtained  from  cultivated  specimens  growing  at  the  Fairchild 
Tropical  Garden. 

Anatomical  studies  of  leaf  cross  sections  have  been 
added  to  a summary  of  previous  studies  of  Metroxylon 
anatomy.  These  studies  used  fresh  and  liquid-preserved 
collections  as  well  as  sections  from  herbarium  material. 

Species  concepts  used  in  the  scientific  studies  are 
presented  in  chapter  four.  The  species,  initially 
considered  as  minimally  diagnosable  units,  were  then  used  in 
a cladistic  analysia  of  section  Coelococcua . 

Preliminary  studies  of  the  genera  of  the  Calanoideae 
were  conducted  using  characters  derived  from  Uhl  and 
Dransfield  UPS'?),  The  results  of  this  study  were  then  used 


closely  relaced  Co  Metroxyion 


Co  analyze  Che  genera  most 
well  as  CO  decemine  Che  monophyly  of  Che  genus  [seccions 
WeCroxylon  and  coelococcue) . The  resulcs  of  chese  scudies 
were  Chen  used  as  a basis  for  a cladiscic  analysis  of 
seccion  Coelooocous  (using  seccion  Metroxylon  as  an 
ouCgroup).  ResulCs  of  Chis  analysis  Indicaced  Chat  most  of 
Che  species  of  seccion  Coelococcus  are  sionophyleCic,  but  ac 
lease  one  nay  be  neCaphyletic. 

The  Caxonomic  relacionships  resulting  from  the 
cladisCic  analyses  support  Che  classificaCion  of  section 
Coelococcus  presented  in  chapter  six.  Keys  and  descriptions 
are  presented  for  Che  fice  recognized  species  of  Che 
section. 

The  distribuciona  of  the  species  are  discussed  and 
CTaluated  in  chapter  seven,  based  upon  their  presumed 
cladiscic  relacionships.  Analysis  of  Che  probable  modes  of 
distribution  and  the  ecology  of  each  species  are  also 
discussed  briefly. 

Hetroxylon  is  of  extreme  importance  Co  over  one  million 
people,  who  depend  upon  species  of  section  Metro.vylon,  and 
is  of  secondary  or  tertiary  importance  to  thousands  of  ocher 
people,  who  depend  upon  species  of  section  Coelococcus.  The 
former  group  use  Che  palms  as  their  primary  dietary  starch 
source  and  the  later  use  the  palms  as  a source  of  superior 
house  thatch  with  limited  use  as  a food  supplement.  Both 
uses  and  some  additional  modern  usages  of 


of  cultural 


aago  products  are  considered  in  chapter  eight  as  part  of  the 
surrey  of  Metroxylon  economic  botany.  Ethuobotanioal 
comparisons  have  also  been  prepared  based  upon  the  results 
of  the  economic  botany  studies.  Probable  future  economic 
development  pathways  are  considered  in  light  of  current 
economic  activities  with  section  Metroxyion  and  traditional 
uses  of  section  Coeloooccus.  Previous  ethnobotanical 
studies  of  Metroxyion  have  been  limited  to  questions  of  the 
origin  and  movement  of  each  species.  Using  the  phylogenetic 
relationships  established  in  chapter  five,  the  distributions 
of  species  presented  in  chapter  seven,  and  a set  of  Che 
traditional  names  for  Metroxyion  applied  within  Che  major 
language  groups/culcures  Chat  use  species  of  section 
Coelococcus,  I propose  an  hypothesis  of  anthropogenic 
distributions  of  Metroxyion. 


CHAPTER  2 

HISTORY  OF  MErSOXTLOW 

Prior  CO  1862,  Tirtually  all  research  on  Metroxylon  was 
focused  upon  the  economically  important  sago,  i.e.,  members 

and  adjacent  territories.  Rottboell  (1783)  first  used  the 
name  Metroxyion.  Prior  to  that  time,  Bumphius  (1741)  and 
Steck  (1757)  had  each  used  the  name  Sagus  to  refer  Co  a 

and  Raphia.  Very  few  subsequent  authors  used  the  name 
Sagus,  when  referring  Co  Metroxylon.  Settling  this 

of  Metroxylon  and  the  rejection  of  Sagus,  which  was  granted 
by  Che  International  Code  of  Botanical  nomenclature.  Report 
of  the  Committee  for  Spermatophyta,  Conservation  of  Generic 
Names,  VIII,  in  1968. 

Hendland  (1862)  provided  the  generic  name  CoeJococcus 
for  sago  palms  collected  by  Bertram  Seemann  in  the  Fiji 
Islands.  Coelococcus  was  subsequently  applied  to  sago  palms 
from  the  Solomon  Islands  (Warburg  1896b),  Micronesia 
(Warburg  1896a),  and  Vanuatu  (Heim  1904).  Bee 
Chen  merged  Coelococcus  unco  Metroxylon,  retai 


tcari  (1918) 


No  reTisiona  of  the  genua  have  been  provided  aince 
those  of  Becarri  (1914,  19181.  Bauwerdink  (1986)  produced 
an  essay  on  Metroxylon  emphasizing  the  variability  in 
section  Metroxylon  and  providing  a taxonomic  analysis  of 
some  of  that  variation/  but  he  stopped  short  of  a revision 
of  the  genua.  Bauwerdink  did  provide  an  overview  of  all  of 
the  species  (except  for  M.  upoluensel  and  gave  a rough 
sketch  of  the  previous  research  conducted  upon  Che  genus. 

Anatomical  studies  of  Metroxylon  section  Coelococcus 
have  been  limited  to  the  studies  of  Tomlinson  (1961,  1971, 
19901,  with  other  authors  making  only  brief  mention  of 
section  Metroxylon.  The  palynology  of  Che  group  has  been 
studied  by  Thanikaimoni  (1966,  1970)  and  Sowumni  (19721. 

ITESTEBN  DISCOVERy 

The  earliest  western  record  of  Metroxylon  usage  is  that 
of  Marco  Polo  (1930),  although  as  indicated  below,  this  may 
not  have  been  a discovery  of  Metroxylon  but  of  some  ocher 
sago  producing  palm.  The  earliest  identifications  of 
members  of  section  Coelococcus  are  attributed  to  Bennett 
(1832)  who  also  provided  the  first  description  from  his 
observations  on  the  island  of  RoCuma: 


A species  of  5agus,  on  elevated  land  grew 
(both  wild  and  planted  by  Che  natives);  differing 
from  that  found  in  the  Eastern  Archipelago,  4c., 
in  having  pyriform  instead  of  rotundiform  fruit: 
Che  petioles  of  the  leaves,  as  wsll  as  the  crunk, 
are  armed  with  thorns,  growing  in  a retorse  or 
downward  direction;  the  back  part  of  the  central 
5 leaflets  is  also  epinated  [aculeate]; 
n large  bunches.  This  palm  is 


10 

islands  of  5ew  Guinea  date  back  to  30,000  or  nore  years  B.P. 
The  intensity  of  usage,  which  once  provided  the  primary 
calorie  source  for  many  Solomon  Islanders,  has  declined 
since  initial  historical  contact  when  the  western  Solomon 
Islands  were  found  to  be  heavily  dependent  upon  sago 
production.  Guppy  (1087)  stated  that  the  sago  palm  was 
grown  in  far  greater  numbers  in  the  islands  of  Bougainville 
Straits  (Western  Solomons)  than  in  San  Chrlstoval  (Eastern 
Solomons) . This  was  part  of  a continuum  of  declining  usage 
from  west  to  east  throughout  the  range  of  section 
Coelococcus.  World  War  II  brought  on  dramatic  changes  for 
the  people  of  the  Solomon  Islands,  Disease  and  death  due  to 
Japanese  and  Allied  invasions  destroyed  many  cultures  and 
exposed  others  to  the  outside  world  of  which  they  previously 
had  had  little  or  no  exposure. 

VASUATU 

Vanuatu,  formerly  )cnown  as  the  Hew  Hebrides,  is  among 
the  geologically  youngest  islands  with  sago  palms  (less  than 
22  m.y, ) (chapter  seven) . The  islands  also  have  not  been 
occupied  as  long  as  those  to  the  north,  e.g.,  the  Solomon 
Islands,  with  the  oldest  signs  of  human  inhabitation 
occurring  only  3,000  years  B.p,  These  islands,  as  those  of 
the  Solomons,  once  had  cultures  which  heavily  depended  upon 
sago  production.  Following  European  contact,  disease  spread 
rapidly  throughout  the  islands  wiping  out  the  majority  of 
the  inhabitants.  Disease  continued  to  pose  serious  problems 
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until  aftex  World  Wax  II.  The  cultures  that  emerged  from 
Chat  period  have  proTan  to  be  far  less  reliant  upon 
Hetroxylon.  Dowe  (19391  indicated  that  M.  seloaonense  and 

although  both  were  used  for  thatch  material,  neither  was 
used  as  a starch  source.  Barrau  U960)  indicated  that  the 
people  know  only  through  tradition  of  the  use  of  sago  as 
food,  the  trees  being  only  used  for  thatch. 

FIJI 

Mecroxylon  was  first  studied  in  Fiji  by  Seemann  who 

1660's).  Seemann,  accompanied  by  Pritchard,  British  Consul, 
explored  the  flora  of  the  Fijian  islands,  eventually 

published  the  accounts  of  his  experiences  in  Fiji  in  a 
series  articles  (1861,  1862a,  1862b,  1862c,  1864,  1865- 
1873).  Seemanns’  explorations  of  Fiji  were  well  recorded, 

not  have  specific  locations  noted,  Hendland  (1362)  named 

but  in  Flora  Vitiensis  (Seemann  1365-1873),  Wendland  and 

type  location  of  the  Fijian  Metroxylon  is  questionable.  The 

locality  is  somewhere  on  Viti  Levu  (Seemann  1365-1373). 
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Moore  determined  that  the  date  of  the  initial  sighting  of 
Metroxylon  was  July  4/  1860  ISeeinann  1862c)  from  the  Tonguru 
River  in  southern  Viti  Levu.  Seemann  subsequently  spent 
four  more  days  in  this  MeCroxylon  dense  4at  least  today) 
area,  respite  this  initial  contact,  Seemann  spent  much  more 
tine  with  Pritchard  later  on  Ovalao,  where  more  time  for 
collecting  the  awkward  specimens  of  Metroxylon  was  allowed. 
Seemann's  statement  that  the  Fijians  did  not  use  sago  is 
supported  by  the  lack  of  evidence  of  sago  starch  in  the 
discussions  of  an  earlier  economic  botanist/  Milne  (1860), 
idio  discussed  the  preparation  of  starch  from  a variety  of 
crops  but  makes  no  mention  of  sago  palms,  despite  having 
spent  time  in  sago  palm  areas  of  Viti  levu. 

MICROSESIA 

Very  little  has  been  recorded  about  the  history  of 
Metroxylon  in  Micronesia.  It  is  recognized  as  being  a 
native  to  the  Caroline  islands  (Fosberg  1960,  Merlin  et  al. 
1992),  having  been  transplanted  to  Suam,  Palau  Idetermined 
through  this  study) , and  the  Philippines  fairly  recently 
(Merrill  1914)  through  activities  of  Japanese  colonists  and 
merchants  prior  to  World  War  II.  Descriptions  of 
Metroxylon  are  largely  limited  to  the  minimal  reports  of 
collectors  and  the  short  presentations  accompanying  the 
descriptions  of  new  species  (Wendland  1878,  Dingier  1887, 
Warburg  1896a,  and  Beccari  1913).  Although  Merlin  et  al. 


(1992)  he 


are  provided  a recent  account  of  the  usage  of  these 
palms,  no  historical  listings  have  been  identified. 

POlYNESIflM  OUTLIERS 

The  Polynesian  Outlier  cultures  (Table  2.1)  ace 
coiqiosed  of  scattered  anall  island  populations  of 
Polynesians  in  the  largely  Melanesian  areas  of  Vanuatu,  The 
Soloaon  Islands,  and  Micronesia  (Fig.  2.2).  They  represent 
a retrograde  novenent  of  peoples  from  Samoa,  Tonga  and  'Ovea 
Into  Melanesia  less  than  1000  years  ago. 

The  presence  of  Hetioxylon  in  the  Polynesian  outliers 
is  of  interest  to  those  who  study  the  cultural  movement  of 
plants.  These  outlier  Islands  and  their  relationships  with 
Metroxylon  growing  cultures  and  non-growing  cultures  may 
provide  clues  to  the  human  aspects  of  the  distributions  of 
Metroxylon.  Table  2,1  illustrates  the  presence  or  absence 
of  Metroxylon  on  the  different  Polynesian  outlier  islands  as 
based  upon  the  historical  (and  sometimes  recent)  record. 
Metroxylon,  although  important  on  some  of  these  islands,  is 
not  present  on  all  of  them  at  least  in  part  due  to 
inadequate  growing  conditions.  Although  it  haa  not  been 

laumako,  or  Uvea,  Metroxylon  is  likely  present  on  these 
islands  because  its  presence  is  known  from  the  near-by  non- 
Polynesian  islands  and  because  they  ate  volcanic  in  origin, 


probably  pi 


ting  the  desired 


n 

each  of  theae  caaea  the  adjacent  lalands  have  popolatlona  of 

have  Metroxylon  because  of  Its  small  size,  and  limited 
population.  Henderson  and  Hancock  (1933)  have  noted  the 
limitations  on  Rennell  Island,  where  the  sandy  soils  will 
not  support  Metroxylon  growth.  Bellona,  which  is  near 

conditions  (Christensen  19731,  also  does  not  have 
Metroxylon,  although  Metroxylon  has  been  noted  from  Pileni, 
which  is  the  same  type  of  raised  atoll.  In  the  Santa  Cruz 
group  of  the  eastern  Solomons,  Tikopia  and  Anuta  are  known 

likely  that  either  M.  warburgll  or  M.  salononense  is  present 
on  at  least  some  of  these  islands,  particularly  Taumako, 
which  is  volcanic.  Interestingly,  the  most  northern  atolls, 
Nukumanu  and  Kaplnlgamarangi,  which  are  in  close  proximity 


conditions  and  lack  of  running  water  may  restrict  growth  of 

Pileni  and  Sikaiana  have  Metroxylon  called  laukoko  and 
koko,  respectively,  with  the  names  possibly  indicating  that 
the  oultural  knowledge  of  the  trees  was  obtained  from  the 
nearby  (to  Pileni)  Santa  Cruz  islands  where  the  name  Inkoko 


is  used  by  the  Kale  and  Lwepe  cultures  (Iryon  and  Hackman 
1983).  Ontong  Java,  although  an  atoll,  has  been  reported  to 
hate  Mscroxylon  {Tryon  and  Hackman  1983}  called  'o,  which 
may  be  related  to  Che  nearby  names  of  ao  (San  Cristobal)  or 
sao/rao/lao/aao  IMalaita)  each  being  used  for  M.  salomonense 
by  a large  number  of  cultures. 

ROIDMft 

Hetroxylon  from  Rocuma  has  been  identified  variously  as 
Sagas  vitlensis  (Gardiner  1898),  M.  vltlense  (Moore  1979)  or 
M.  uacburgii  (McClatchey  a Cox  1992} . Gardiner  (1098) 
briefly  mentioned  the  presence  cf  "uta  or  sago",  MeCroxylon, 
in  a list  of  Rotuman  plants  that  are  "planted,  but  in  no  way 
cultivated".  Metroxylon  ia  not  mentioned  in  most  early 
works  on  Rotuma  although  its  usage  and  traditions  are  of 
such  importance  culturally  that  it  must  have  been  present 
for  some  time  prior  to  the  age  of  European  exploration.  A 
notable  early  reference  to  Wetroxylon  is  that  of  Bennett 
(1832)  which  contains  Che  earliest  description  of  a member 
of  section  Coelococcos.  Rotuma  is  clearly  at  the  leading 
edge  of  the  pre-historic  movement  of  Wetroxylon  into  western 
Polynesia  (considering  Samoa  as  being  a site  of  human 
introduction),  thus  representing  the  edge  of  either  the 
human  or  non-human  distribution  Coward  the  east,  prior  to 
Buropean  contact. 

Metroxylon  from  the  Samoa  islands  has  been  identified 
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as  H.  upolLiense  IBsccari  191B),  M,  uarburgii  (McClatchey  6 
Cox  1992),  and  M.  vitlenee  (Hhlstlet  1992).  McClatchey  and 
Cox  (19921  noted  the  inteiestlng  botanical  status  of  these 

Metroxylon  fruits  from  the  German  botanist  Rechinger,  which 

and  Cpolu  islands  where  conditions  ace  appropriate,  yet  the 
floristic  treatments  of  Samoa  hate  not  included  this  rather 
large  palm  (Reineclce  169S,  Rechinger  190S,  Lauterbach  1906, 
Setchell  1924,  Iloyd  and  Aiken  1934,  Christophersen  1935). 
Perhaps  these  early  floristic  studies  did  not  include 

was  a recent  introduction  and  therefore  not  part  of  the 
flora.  On  the  other  hand,  the  earlier  authors  may  not  haee 

(presumably  from  Rotuma)  at  the  turn  of  the  century.  In 
this  case,  the  scientific  silence  is  very  uninformative. 

The  Samoans  believe  that  Metroxylon  warburgii  and 
Wetroxylon  paulcoxii  arrived  from  Rotuma,  recognising  this 
through  the  traditional  name,  nlu  lotuna,  or  the  palm  from 

time  of  this  introduction  by  any  Samoans  interviewed,  but 
Werner  von  Bulow  (1396)  indicated  that  niu  loCuma  (discussed 
as  only  one  species)  was  introduced  to  Samoa  from  Rotuma  by 
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introduction  occurred  directly  from  Vanuatu,  During  the 
last  half  of  the  19th  century,  blachbirders  captured  groups 
of  ni-Vanuatu  peoples  and  transported  them  to  Samoa  as 
forced  laborers  on  coconut  plantations.  Although  not  many 
people  were  taken  to  Samoa,  It  is  possible  chat  one  of  them 
or  their  captors  brought  along  a Nstroxylon  fruit. 

Two  species  of  Metroxylon  occur  in  Samoa;  W.  warburgii, 
as  discussed  above,  likely  is  recently  introduced,  while  H. 
pauicoxii  may  be  native  or  introduced  by  the  Polynesians 
within  the  last  3,000  years.  If  present  prior  to  the 
introduction  of  M.  warborgii,  the  Samoens  had  virtually 
ignored  it,  and  it  was  not  noted  in  the  early  floras  because 
of  either  its  presumed  recent  introduction  (and  confusion 
with  M.  varborgii]  or  because  of  its  lack  of  economic  value. 

OIHEB  POLfHESIAH  ISLANDS 

No  other  Western  Polynesian  island  groups  have  been 
historically  noted  as  having  Mstroxylon,  although,  as  with 
Samoa,  recent  observations  of  H^troxylon  being  used  in 
cultural  contexts  questions  Che  true  time  of  distribution  of 
these  palms  into  Polynesia.  Western  Polynesian  islands  on 
which  MeCroxylon  has  been  observed  recently  include  Putuna 
and  'Uvea  (lying  between  Rocuma  and  Samoa),  Tokelau  (north 
of  Samoa),  Vava'u  (a  northern  group  of  Tongan  islands 
located  Co  the  south  of  Samoa),  and  Tongatapu  [the  principal 
island  of  Tonga) (as  noted  in  Bennett's  1532  account  and 
Jardin  1971).  Additionally,  Metroxylon  has  been  reported 


from  Metroxylo 


CHAPTER  3 

AMATQMY  AND  MORPHOLOGY 

Metfcutyion  section  Coelococcus  differs  from  section 

vegetative  and/or  sexual  vs.  exclusively  sexual,  and  2) 
number  of  fruit  scales.  Additionally,  pneunatophores  have 

Anatomical  variation  has  been  much  less  studied  in 
section  Coelococcus  than  morphological  features.  Tomlinson 
(1961)  provides  the  only  anatomical  description  of  the 

jnorphology.  Added  to  these  reports  are  a few  anatomical 
comments  from  previous  articles  (Beccarl  1914,  191B,  Moore 
1979,  and  Rauwexdink  19861  and  the  results  of  anatomical 
leaf  cross-sections  included  as  part  of  this  revision. 
Morphological  descriptions  of  each  species  ace  provided  in 
chapter  six. 

species  of  section  Coelococcus  were  conducted  following  the 
prooedures  of  Cutler  (197B) . Leaf  sections  from  liquid 

using  ethanol  and  linonene,  then  mounted  and  stored  in 
Canada  balsam.  Observations  of  stem  anatomy  have  been  made 
24 
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following  Schoute  {1912}  and  Tomlinson  (1961]r  using  crude 
thick/ fragmentary  sections  in  alcohol,  under  low 
magnification. 

Section  Coelococous  stems  are  of  moderate  to  large 
diameter  419-50  cm)  and  height  {5-33  meters)  in  comparison 
to  other  palms.  Erect  trees  may  produce  inflorescences  when 
as  short  as  3-4  m tall  or  may  not  flower  until  over  IS  m 
tall.  Architecturally,  the  stems  of  section  Coelococcus  may 
fit  either  Corner's  model  of  growth,  i.e,  pleonanthic  single 
stems,  as  in  M.  amicsrum,  or  Holttum's  model,  i.e., 
hapaxanthic  single  stems,  as  in  all  other  species  of  the 
section  IHall4  et  al.  19781.  Dransfield  (197S)  divided  the 
palms  into  four  growth  form  categories,  of  which  section 
Coelococcus  represented  either  the  tree  palm  category  or  the 
shrub  palm  category.  Tree  palms  are  defined  as  those  that 
form  part  of  the  canopy.  Trees  of  most  observed  populations 
of  section  Coelococcus  form  part  of  the  canopy  in  swas^y 
areas  (Fig  3.1A1 . In  non-swampy  areas,  these  palms  have 
been  noted  to  form  either  part  of  the  canopy  or  to  remain  in 
the  sub-canopy,  typically  at  the  margins  of  much  higher 
forests.  In  no  cases  have  the  stems  of  species  of  section 
Coelococcus  been  noted  as  branching  either  aerially  or 

The  stems  of  section  Coelococcus  typically  are  covered 
with  the  deteriorating  bases  of  dead  leaf  sheaths  {Fig. 


3. IB),  the  leaves  either  littering  the  ground  or  remaining 
in  collapsed  positions  around  the  base  of  the  stem.  The 

sharp  to  blunt,  adventitious  roots  emerging  from  Che 

downward  but  may  be  directed  upward,  the  latter  is  possibly 
due  to  their  prior  growth  within  the  confining  area  of  the 
leaf  sheath.  Roots  do  not  seen  to  penetrate  the  leaf  sheath 
of  functional  leaves,  but  have  been  observed  penetrating  Che 
remains  of  dead  leaves.  The  roots  of  section  Coelococcus 
have  not  been  described  In  any  detail,  but  those  of  section 
Metroxylon,  which  have  been  described  (Drabble  1904),  have 

pneumatophores  (Tomlinson  1990) . As  noted  above 


immediately  become  oriented  in  a roughly  erect  (orthotropicl 

and  enlarges  in  girth,  the  morphology  of  the  attached  leaves 
changes  (see  below),  stem  internodes  and  leaf  scare  are 
prominent.  The  internodes  of  juvenile  steins  may  be  green, 
with  those  of  adults  tending  to  be  white,  pale  yellow,  to 
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Figure  3.2  A-  Leaf  sheath  comb  spinea  on  MeCioxylon 
vitiense.  B.  Flattened  spinea  on  Hetroxylon 
selomonense.  C.  Infloreaence  of  Wetrojiylon  amicarum; 
note  erect  raohillae.  D.  Reduced  inflorescence  leaves  of 
Wetroiiylon  psulcoxli. 
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light  brown-  Leaf  scars,  once  Che  rotting  leaf  falls  away 
are  rough  with  elements  of  residual  vessels  and  fibers  still 
emerging  from  the  stem.  The  epidermis  of  the  stem  may 
remain  intact  or  be  lost  as  the  surface  is  exposed  to 
weathering-  Generally,  the  trees  do  not  live  long  enough 
(usually  only  5-20  years)  after  losing  the  protective  leaf 
sheaths  for  significant  weathering  of  the  surface  to  occur- 
An  exception  to  this  is  older  individuals  of  H.  aaicarum 
growing  in  protected  valleys  on  Pohnpei-  These  unusual 
trees  do  have  surface  weathering  and  texturing  on  their 
lower  exposed  surfaces - 

The  stem  cortex  contains  very  closely  packed  vascular 
bundles  with  thic)t  fibers  (Fig-  3-lC).  The  region  of  dense 
bundles  may  be  from  2-7  cm  thick-  Functionally,  the  cortex 
provides  a very  hard  shell  or  barrier  around  the  much  softer 
central  cylinder-  The  cortex  near  the  nodal  region  is 
traversed  by  a number  of  vascular  bundles  crossing  from  Che 
central  cylinder  to  Che  leaf.  The  bundles  presumably 
branch,  as  illustrated  by  Zimmermann  and  Tomlinson  (1965), 
but  this  has  not  yet  been  noted  in  Mecroxylon.  Tomlinson 
(1961)  reported  for  section  MstroKylon  and  a number  of  other 
palm  genera,  and  therefore  possibly  applicable  to  section 
CoeJococcus,  that  after  Che  outer  epidermis  is  sloughed  off, 
a type  of  phellogen  is  produced,  which  is  functionally  a 
)tind  of  "bark",  "Here,  secondary  activity  of  an  etagen- 
meristem  in  the  ground  parenchyma  cells  of  the  outer  cortex 
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CO  Che  seen  surface  which  becocie 

If  chis  tissue  also  is  produced  in  seccion  Coeiococcus. 

characterized  as  having  only  one  or  cwo  wide  meCazylem 
vessel  and  only  a few  narrow  procoxylem  elements.  The 
fibers  of  Che  bundle  sheath  are  many  and  thick  walled. 

Phloem  of  Heccoxyloa  has  not  been  described  in  detail. 

The  moat  impressive  aspect  of  the  genus  Mecroxylon,  in 
regard  to  human  utility,  is  Che  sequestration  of  starch  in 
the  central  cylinder  (inner  cortex).  The  central  cylinder 
comprises  Che  majority  of  Che  stem  diameter.  This  area  is  a 
relatively  uniform  ground  tissue  interlaced  with  fewer 


mainly  smaller  than  those  of  the  outer  cortex.  The  bundles, 


being  strictly  vertical  and  well  ordered.  This  smaller 
size  of  central  cylinder  bundles  and  a wandering  pattern 
supports  von  Kohl’s  (1849)  theory  of  smaller  vascular  bundle 
development.  As  a given  bundle  passes  through  the  central 
ground  tissue  region  "it  [the  vascular  bundle]  runs  in  a 


again  approaching  the  surface"  and  exiting  at  a leaf  nede. 
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heterogeneous,  and  even  lacunose,  with  wide  intercellular 
air  spaces  so  that  Che  tissue  becomes  quite  spongy,  this  it 
similar  to  his  19(1  description  of  the  central  cylinder  of 

other,  and  the  bulk  of  Che  central  cylinder  is  very  soft" 
jToialinson  1961  p.243J. 

extensively  and  it  is  likely  that  the  starch  of  section 
Coslococcus  will  prove  to  be  similar.  Metroxylon  starch 
grains  are  relatively  large  (tomlinson  1961)  with  few  fused 
grains,  the  hilum  is  centric  or  eccentric,  occasionally 
with  concentric  striationa  around  Che  hilum,  the  tissue  of 
the  central  cylinder  is  softer  chan  that  of  the  cortex  even 

flowering  increases  such  Chat  a machete  plunge  into  a tree, 
which  has  just  initiated  flowering,  may  cause  a splash  of 
fluid.  The  change  in  fluid  content  and  friability  of  the 
central  cylinder  are  used  by  traditional  peoples  (chapter 
eight)  to  determine  Che  optimal  time  of  harvest.  At  that 
time,  much  of  its  starch  is  converted  into  sugars  in^iarting 

LEAVES 

The  leaves  of  members  of  section  Coelococcus  vary 
greatly  based  upon  age  of  the  individual  and  species.  In 
almost  every  morphological  character  there  is  a transition 
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from  juvenile  to  adult  form.  Furthermore,  the  leaves  vary 
within  each  species,  with  H.  aalmonense  e.spressing  the 

pinnate,  with  reduplicate  leaflets,  even  in  the  eophyll 
(Fig.  In  all  stages  of  development,  the  leaflets 

have  prominent  adaxial  midribs.  Juvenile  leaves  may  be  as 
long  as  mature  leaves,  i.e.  up  to  7 m,  but  ate  usually 
shorter.  The  leaves  ate  usually  glossy  adaxially  and  dull 
abaxially;  they  are  pale  green  and  occasionally  (in  recently 
emerged  leaves)  have  a reddish  tinge,  as  seen  in  some  clones 
of  section  Mecroxylon. 

Juvenile  leaves  have  only  minimal  leaf  sheaths  that  do 
not  entirely  encircle  the  stem.  This  situation  changes 
almost  as  soon  as  the  stem  begins  to  form.  The  leaf  sheaths 
usually  split  opposite  the  petiole  and/or  along  the  petiole 
mid-line.  The  sheaths  of  adult  leaves  contain  uneven  rows 
of  very  thick  fiber  bundles.  The  sheaths  may  be  armed  or 
unarmed  and  the  armature  may  consist  of  single,  double,  or 
multiple  spines,  organized  into  clusters  or  combs  emerging 
from  collars  of  short,  laterally  oriented  vascular  bundles. 
Sheath  and  petiole  spines  may  be  flattened  into  long  papery 
appendages  (Fig.  3.26)  in  some  populations.  Spines  observed 
in  juveniles  are  usually  green  and  sharp,  and  are  often 
longer  than  on  adult  leaves.  Adult  sheath  spines  may  be 
green,  yellow,  brown  or  blac)t  (Fig.  3.1A).  Occasionally, 
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upon  spinescence  characters  in  descriptions  of  the  different 
species,  but,  at  least  for  section  Coeloeoccas,  these 
characters  are  usually  variable  even  within  populations  and 
individuals  at  different  stages  of  growth. 

Juvenile  leaves  always  have  a well  developed  petiole, 
whereas  adult  leaves  may  have  a pseudO'peticle  formed  by  an 
extension  of  the  invaginated  sheath  into  the  rachis  proper. 
Adult  leaves  may  or  may  not  have  a true  petiole.  Petioles, 
if  present,  are  variable  in  length  up  to  S m long  (longest 
observed) . Senerally,  the  petioles  of  successive  leaves 
undergo  rapid  changes  in  form  with  basal  leaves  having  well 
developed  petioles  and  higher  leaves  being  transformed  and 
entrenched  abaxially.  This  trend  continues  until  the 
smaller  sub-floral  reduced  leaves  are  produced.  These  final 
leaves  have  no  true  petiole,  lout  rather  the  sheath  almost 
immediately  terminates  in  the  short  rachis  (Fig.  3. 2D).  The 
petioles  are  unarmed  or  armed,  commonly  as  the  sheath  is 
armed  or  less  so,  deeply  invaginated  adaxially,  but  becoming 
much  leas  so  where  Integrated  with  the  rachis.  Petiolar 
fibers  and  bundles  spread  widely  proxlmally,  becoming 
concentrated  diatally  toward  the  rounded  abaxial  surface. 

The  margins  of  a true  petiole  are  rounded  and  smooth,  but 
the  pseudo-petiole  margins  may  be  smooth  or  rough,  fibrous 
and  shredding.  Anatomically,  Tomlinson  (1961)  noted  that 
the  sieve-tube  elements  in  the  petiole  are  single  with 
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The  leaf  rachia/  like  the  petiole/  nay  be  rounded/ 
angled  or  may  be  invaginated/  continuing  from  the  eheath  and 
petiole.  The  rachia  rapidly  becomes  rounded  or  angled 
usually  Mithin  less  Chan  1/3  of  Che  total  rachis  length. 

The  rachis  ranges  from  2.0-T.5  m long  and  capers  in  width 
from  B-20  cm  proximally  to  a sharp  tip  distally.  The  rachis 
is  unamed  or  armed,  and  when  armed,  the  spines  may  be  as 
dense  as  chose  of  the  petiole  or  pseudo-petiole  or  much  less 
so.  particularly  in  leaves  emerging  higher  on  Che  stem.  The 
surface  often  is  adorned  with  transverse  spineless  combs. 

It  is  invaginaced  adaxially  in  proximal  portions,  but 
becomes  smooch  to  angled  distally.  The  abaxial  surface  is 
rounded,  especially  distally.  Tomlinson  (19S1,  p.229) 
described  Che  anatomy  of  the  rachis  in  M.  amicarum  in 
detail,  but  comparable  anatomical  studies  of  the  other 
species  of  section  Coelococcus  have  yet  Co  be  conducted. 

Leaflets  are  single-fold,  with  reduplicate  plication, 
linear,  stiff  to  drooping,  with  a single  large,  hard, 
sometimes  yellow,  midrib,  and  are  attached  to  the  rachia 
either  in  a regular,  ordered  arrangement  of  single  spaced 
insertions  or  are  attached  in  both  regular  and  grouped 
arrangements  with  clusters  of  two  to  six  leaflets  Inserted 
very  closely  together.  Species  with  grouped  leaflets 
usually  have  those  clusters  focused  near  the  base  or  middle 
of  the  rachis.  Leaflet  number  ie  proportional  to  leaf 


160-3 


leaflets  per  leaf.  The 


length,  with  a range  of 
leaflets  vary  from  5-17.5  cm  wide  and  72-170  cn  long.  The 
leaflets  eery  rarely  beat  white  wax  or  powder  on  the  abaxial 

Tomlinson  (1961,  pp,  228-229)  described  Che  anatomy  of  H. 
amioarum  leaflets  in  some  detail,  but  similar  anatomical 
studies  of  the  ocher  species  of  section  Coelococcas  have  yet 

Leaflet  laminae  consist  of  well  defined  layers  of  ab- 
and  adaxial  epidermis,  hypodermis,  mesophyll,  sub-hypoderaal 
fiber  bundles  ox  strands,  and  large  and  small  veins  (Fig. 
3.3),  as  well  as  very  large  central  midribs.  Laminas  of 
Metroxylon  leaflets  vary  from  0.15  nm  to  0.4  ram  thic)c. 
Leaflets  of  H.  paalcoxii  are  thinnest  (0.15  - 0.3  mm  thick) 
and  chose  of  H.  salomonense  the  thickest  (0.3  - 0.4  ram), 
with  the  other  species  being  (0.2  - 0.3mm)  thick.  The 
epidermis  has  previously  been  described  by  Tomlinson  (1961, 
pp.  229-229)  as  consisting  of  uniform  files  of  small, 
narrow,  rectangular  outinized  cells  infrequently  interrupted 
by  bands  of  costal  cells  above  the  largest  veins. 

Additional  cuticle  is  found  external  to  the  epidermis  on  the 
adaxial  surface.  Cuticle  on  the  abaxial  surface  is  usually 


fairly  thick. 


hypodermis 


1-2  cell  lays 
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below  the  adaxlal  and  0-1  cell  layers  below  the  abaxial 
surfaces,  nithin  the  hypodemal  layers  are  frequent 
clusters  of  clear  fiber  bundles  (aa  described  below)  as  well 
as  occasional  patches  of  isodiametric  cells  (probably 
containing  silica).  The  adaxial  oieaophyll  of  leaflets  of 
members  of  section  Coelococcus  differs  from  that  of  section 
Metrcxylon  in  that  the  density  of  cells  is  greater  in  the 
upper  palisade  layer  and  the  region  imraediately  surrounding 
the  fiber  strands  than  in  the  lower  mesophyll  layer. 
Specimens  examined  of  MetcoKylon  sagu  had  much  less 
differentiation  into  obvious  internal  layers. 

Conspicuous  bundles  or  strands  of  unlignifled  sub- 
hypodermal  fibers  are  located  just  under  the  epidermis  or 
below  1-2  cell  layers  of  hypodermis  on  both  the  ad-  and 
abaxial  surfaces.  The  density  and  size  of  these  fiber 
(strands)  axe  greater  on  the  adaxial  side  in  M.  aaicarim,  M. 
salomonenee,  M.  warburgii,  and  H.  vitienae,  but  ate  about 
the  same  in  M.  sagu  and  are  somewhat  greater  on  the  abaxial 
surface  of  M,  pauicoxii. 

The  adaxial  bundles  may  prove  to  be  of  use 
taxonomically  as  they  appear  to  vary  between  species.  The 
bundles  in  ».  amicarum  are  large  (up  to  0.02  mm  thic)c  and 
0.01  mm  wide),  and  placed  perpendicular  to  the  surface  of 
the  lamina.  These  are  somewhat  bilobed  or  lobed  toward  one 
end.  The  bundles  of  M.  warburgii  are  parallel  to  the  lamina 
surface  and  closely  adjacent  to  the  epidermis  but  are  about 


bundles  of 
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the  same  aiie  as  those  seen  in  M.  amicarun.  The 
M.  paulcf^Kii  are  much  less  frequent  along  the  adaxial 
surface  and  are  snallec  (less  chan  0.01  mm  long/wide)  than 
those  of  H.  amlcarim  or  M,  warburgii.  Abaxial  bundles  in  M. 
paulcoxii  are  much  more  common  than  adaxial  bundles  and  are 
found  both  parallel  and  perpendicular  to  the  lamina  surface. 

round  to  oeal  in  cross  section  and  occur  in  the  outermost 
layer  of  the  hypodermis.  Fiber  bundles  of  H.  salomonense 
are  uniquely  distributed  in  that  they  are  positioned  away 

darker  differentiated  cells  below  the  hypodermis, 

between  each  large  vein.  The  ratio  of  large  to  small  veins 
in  M.  aaicarm,  H.  paulcoxii,  M.  warburgii  and  M.  sagu  is  1 
to  7 (as  illustrated  in  Fig.  3.3E1 . The  ratio  of  large  to 
small  veins  in  M.  salomonense  is  1 to  3 (Fig.  3.3A)  and  in 

(Fig.  3.3B).  The  larger  veins  are  usually  equidistant  from 

contact  with  the  abaxial  surface.  The  smaller  veins  are 
usually  in  the  mid  to  upper  half  of  the  abaxial  mesophyll, 

bundle  sheaths  are  commonly  incomplete  on  large  veins  or 


wedge  shaped  or  slightly  skewed  into  a half-moon  shape, 
composed  of  dense  clusters  of  smaller  eascular  bundles. 


The 


IHFIORESCESCES 

The  inflorescences  of  section  Coeloccccua  (except  for 
M.  aoioaruB)  are  strictly  monocarpic,  while  those  of  section 
Metroxylon,  although  hapaxanthic,  do  repeatedly  reproduce 
via  basal  suckers  (Tomlinson  1990).  The  teems  used  to 
describe  the  inflorescence  structures  and  anatomy  are  those 
used  by  Tomlinson  (1971)  and  Uhl  and  Dransfield  (19B7). 

Terms  are  standardised  as  diagramatically  illustrated  in 
Figure  3.4.  The  direction  of  rachilla  growth  (pendulous  or 
erect)  (Figs.  3. ID,  3.20  and  the  orerall  robustness  of  the 
peduncles  are  very  important  characters  in  specific 
delimitations  within  section  Coelococcus. 

The  inflorescences  branch  to  the  second  order,  etcher 
interfoliar,  as  in  pleonanthic  ».  amicarum,  or  terminally 


sggregated. 
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Figure  3.4.  Diagramacic  illustration  of  a branch  of  a 
Hetroxylor.  inflorescence  (considered  as  an  entire 
SKiliary  inflorescence  of  «.  anicaruio). 


1.5-4  m tall,  compounil  inflorescence,  with  10-36  erect 
branches  equivalent  to  axillary  inflorescences  of  H. 
aaicarua,  each  subtended  by  a reduced  leaf  or  bract  and 
sometlises  splitting  Che  leaf  or  bract  in  half  as  the 
peduncle  increases  in  girth.  The  lowermost  inflorescence 
branches  are  Che  largest,  with  subsequent  branches  being 
more  and  more  reduced,  until  the  final  inflorescence  branch 
is  produced,  which  is  greatly  reduced  and  often  sterile. 

The  peduncle  varies  from  very  short  as  in  many  specimens  of 
M.  amicarum  Co  elongate  as  in  M.  salomonense,  and  is  robust 
as  in  M.  warburgll  to  gracile  or  slender  as  in  M. 
aalomonense  and  M.  amicarum.  The  prophyll  bracts  are 
tubular,  tightly  sheathing,  occasionally  partially 
splitting,  Z-keeled,  2-lobed,  end  occasionally  armed  with 
short  spines,  which  may  be  only  hair-like.  The  peduncular 
bracts  number  from  1-10,  and  are  tubular,  distichous, 
tightly  sheathing  and  persistent  to  occasionally  deciduous, 
and  are  also  sometimes  armed  with  short  spines.  The  rachis 
is  usually  much  longer  than  the  peduncle,  except  in  M. 
amicarum  where  they  may  be  of  equal  length.  The  rachis 
bracts  are  tubular,  distichous,  tightly  sheathing,  and 
occasionally  armed  with  short  spines.  The  first-order 
branches  are  erect  (M.  amicarum,  H.  warburgii,  and  M. 
paulcoxiil  or  horizontal  or  pendulous  iH.  salomonenae  and  «. 
vitiense),  and  each  has  a basal  tubular,  2-keeled,  2-lobed 
prophyll  bract.  The  first-order  branch  bracts  are  tubular. 


discichoudr  tightly  sheathing,  and  occasionally  armoxed  with 
short  spines,  with  all  but  the  proximal  few  bracts 
subtending  an  erect,  horizontal  or  pendulous  rachilla.  Each 
first-order  branch  has  from  3 to  17  rachillae,  which  vary 
from  5.5  to  38  cm  long,  S to  15  imt  wide,  and  bear  from  ca. 
200-900  flowers.  The  rachillae  are  cylindrical  with  a short 
proximal,  smooth  to  densely  brown  pubescent,  stalk-like 
portion,  and  a dense  spiral  of  imbricate,  widely  apiculate 
to  rounded,  striate  bracts  (a  few  to  many  empty  proximally 
and  none  to  many  empty  distally) , with  most  of  the  bracts 
enclosing  dyads  of  similar  sirsd  staminate  and 
henoaphroditle  flowers.  When  still  in  bud,  the  bracts  covet 
the  flowers,  forming  a pit  that  is  lined  with  dense  hairs 
arising  from  the  Inner,  abaxial,  surface  of  each  floral 
prophyll  (bracteole).  These  hair  lined  pits  are  a 
distinctive  character  that  MeCroxylon  shares  only  with 
KOrthalsla  and  have  been  used  as  a defining  character  of  the 
Mecroxylinae  (sensu  Uhl  and  Dransfield  1987).  The 
floral/fertile  prophylls,  which  aurround  the  floral  dyads, 
are  spirally  arranged  in  4-7  rows,  tubular,  2-keeled,  2- 
lobed,  and  usually  bear  dense  hairs  abaxially.  An  inner 
prophyll  (bracteole)  subtends  the  hermaphroditic  flower  and 
is  similarly  2-keeled,  but  not  tubular.  Tomlinaon  (19711 
described  the  presence  of  dense  hairs  both  within  the  floral 
pits  formed  by  Che  outer  and  inner  bracCeoles  and  also 
external  to  the  outer  bracteole,  thus  providing  a very  hairy 


itire  rachllls 


axis,  particularly  after  flowers  hare  been  lost  or 


2-T  Iin  long,  tubular,  3-lobed,  with  three  connate  woody  to 
basaliy  fragile,  valrate  to  slightly  imbricate  sepals.  The 
corolla  is  2.5-11  nun  long,  tubular,  rounded  to  3-lobed,  with 
three  or  rarely  four  (in  M.  paulcoxii)  connate,  woody, 

triangular  apioes.  The  corolla  is  generally  significantly 
longer  than  ealy*  in  M.  salosionense  and  M.  vitlense  but  in 
M.  aaicarm,  H,  paulcoxii  and  M.  warburgii  may  be  more  chan 
twice  as  long  as  the  calyx.  The  stamens  are  always  in  two 
whorls  of  three,  and  each  is  3-6  mm  long,  borne 


separately 


3flexed  it 


filaments  ate  fleshy,  abruptly  contracted  and  re 
bod-  The  anthers  are  medifixed  and  oblong  with  latrorse 


Hermaphroditic  flowers  eary  from  2-4  mm  wide,  and  open 
later  than  or  concurrent  with  the  staminate  flowers.  The 
calyx  is  3-7  mm  long,  tubular,  3-lobed,  with  three,  connate, 
woody  to  basally  fragile,  taleate  to  slightly  imbricate 
sepals.  The  corolla  is  6-11  mm  long,  tubular,  rounded  to  3- 
lobed,  with  three,  connate,  woody,  valvate  thickened  petals 
with  triangular  apices.  As  with  the  staminate  flowers,  the 
corolla  is  slightly  longer  than  the  calyx  to  more  Chan  twice 

S nn  long,  and  are  borne  on  the  base  of  the  corolla  in  a low 
ring,  not  separately,  the  filaments  are  fleshy  and  are 
united  at  the  base  to  form  a tube,  which  surrounds  the 

Pollen  is  found  in  Che  anthers  of  both  staminate  and 
hermaphroditic  flowers.  The  pollen  is  elliptic,  diaulcate, 
with  a scabrate,  fo^eolace,  or  coarsely  reticulate,  tectate 
exine.  Only  limited  studies  of  the  diversity  of  pollen  have 
been  conducted  (Sowumni  1972,  Thanikaimoni  1966,  1970). 

These  studies  have  recor 


rded  pollen  ft 


or  finely  reticulate  (semiteocatel , and  for  M.  saloooneoae: 

Slightly  differing  deacriptions  hare  been  reported  in  the 

are  reported  in  chapter  six  under  the  species  descriptions. 

tricarpellate,  triovulate  (with  two  OTOles  aborting) , and 
rounded.  It  is  cohered  baaally  to  mid-height  in  vertical 
alternating  rows  of  minute  reflexed  scales.  The  style  is 
conical  to  slightly  pyramidal  with  three  stigmatic  angles. 
The  ovules  are  basally  attached  and  anatropous. 

The  fruit  (Fig.  3.5)  is  a dry,  indehiscent  single 

Alternatively  the  fruit  nay  be  described  as  a drupe  with  a 
very  chin  endocarp.  (The  fruits  of  the  Celamoideae  have 
also  been  described  as  a "glans"  or  "acorn"  by  Spjut 
[1994].)  Hetcoxylon  saloaonense  and  M.  vlclense  fruits  are 
round  to  slightly  oblong  when  immature.  Those  of  M. 
uacburgii  and  M.  pauleoxii  are  obpyrifotm  (even  when  very 
immature)  . Hetroxylon  amicaem  fruits  ace  commonly  round 
but  may  also  be  strongly  pyrifocn  (Fig  3.4C).  Mature  fruits 

characters  for  distinguishing  Che  species  of  section 
Coelococcus.  All  of  the  fruits  observed  were  1-seeded  {Fig 


pinnate  eophyll.  B.  Round  fruits  of  Metroxylon 
aaicarua.  C.  Obpyrifotm  fruit  >fetro>!yJon  soicarua.  D. 
Fruit  cross  section  showing  spongy  mesocarp  and  seed  of 
Metroxylon  peulcoxii. 


sunken  apical  stigmatic  lemains. 


3.SDf,  with  emergent  to 
The  emergence  height  of  Che  apical  stigmatic  remains  varies 
as  much  within  each  species  as  it  cLoes  between  species  of 
section  coelococcus.  Beccari  (1918)  hah  used  Che  apical 
stigmatic  remains  as  a descriptive  character  for  some  of  his 
species  of  Hetroxylon, 

The  epicarp  is  covered  in  23-38  regular  ordered 
alternating  vertical  rows  of  green  Co  golden  yellow  to  dark 
brown  to  grey  margined,  reflexed  scales,  with  mid-fruit 
scales  9-19  mm  long.  The  number  and  size  of  Che  scales  are 
characters  useful  in  identification  of  the  species  of 
section  Coeiococcus.  The  reflexed  scales  of  section 
Coeiococous  fruits  are  tightly  sealed  against  one  another 
with  the  scale  tips  of  the  distal  rows  each  sealing  Che 
basal  portion  of  Che  proximal  alternating  scale  row.  The 
margins  of  the  scales  may  be  waxy  or  grayed  with  weathering. 
The  ontogenetic  origin  of  the  scales,  which  occur  in  all 
genera  of  Che  C&laaoideae,  is  poorly  understood.  Schoute 
and  Algera  11928)  and  Eames  (1961)  considered  the  scales  to 
represent  a fused  branching  system  of  secondary  leaves. 
Faster  (1949)  determined  that  the  scales  have  no  vascular 
connections  Co  the  gynoecial  wall  and  appear  to  be  simply 
emergences.  Dhl  and  Hoore  (1971)  indicated  that  the  growth 
patterns  of  Che  scales  are  complex  and  as  yet  poorly 
understood.  The  scales  do  appear  to  be  attached  to  a very 
thin  cuplike  sheath  that  surrounds  the  gynoeoium  either  as  a 


separate  structure  or  as  a differentiated  layer  of  tlie 
gynoecium  itself.  If  the  scales  actually  represent  a 
reduced  systen  of  bracts  (Schoute  and  Algera  1923;  Easies 
1961).  then  it  is  truly  remarjtable  Chat  they  clearly  occur 
within  the  whorls  of  sepals,  petals  and  stamens!  The  scales 
resemble  Che  fertile  prophyll  bracts  which  subtend  each 
flower  in  the  rachillae,  in  size,  shape,  and  spiral 
overlapping  arrangement. 

The  mesocarp  is  highly  variable  in  section  Coelococcua. 
Within  M.  vitiense  the  mesocarp  may  be  chin  (1-2  am  thick! 
or  almost  non-existent.  The  mesocarp  thickness  of  M. 
salomonense  is  highly  variable  even  within  populations. 
Metroxylon  aaicaram  freguently  has  a uniformly  very  thick 
mesocarp,  which  is  spongy  and  fibrous.  Uetroxylon  paulcoxii 
and  H.  uacbucgil  have  a relatively  Chick  mesocarp  in  the 
lateral  and  distal  walls  of  the  fruit  and  have  a very  thick 
fibrous,  corky  or  spongy  to  hollow  proximal  region.  This 
very  thick  mesocarp  occurs  in  the  baaally  constricted  neck 
of  Che  fruit.  The  endocarp  is  very  thin  or  not 
differentiated  at  all. 

The  seeds  of  section  Coeioeoccus  are  globose,  3.7-S.2 
cm  wide,  basaily  attached,  and  deeply  invaginated  apically 
(up  to  6.2  cm).  The  seed  is  enveloped  in  a thin  to  thick 
sarcotesca.  The  endosperm  is  homogeneous  in  all  of  the 
species  of  section  Coelococcus,  and  the  embryo  is  large,  in 


.379) 


palms,  "The  texture  of  the  mesocarp  is  primarily  related  to 

source  of  food  for  animal  dispersers  while  a fibrous 
mesocarp  is  found  in  the  rather  few  fruits  that  float  and 
are  dispersed  by  water.”  The  increased  fibrous  mesooarp  of 

decrease  in  specific  density)  could  be  interpreted  as  an 
increased  ability  Co  float. 

Germination  in  section  coelocodcus  is  adjacent-ligular 
with  the  first  leaf/eophyll  being  pinnate.  Only  pinnate 
eophylls  have  been  observed  in  section  CoeJococcus  (Fig. 
3.5S.1,  but  bifid  and  pinnate  eophylls  hare  been  obsereed  in 
section  MeteoKylon  and  therefore  it  is  possible  that  this 
character  may  actually  be  variable  in  section  Coelococcus  as 


CHAPTER  4 
SPECIES  CONCEPTS 

Many  different  definitions  and/or  concepts  of  "species" 

biological  entities  within  Hetroxylon,  and  each  of  these 
prOTides  a slightly  different  perspective  on  the  nature  of 

value  in  Hetroxylon  are  briefly  considered  below.  For  each 
species  concept  a short  definition  is  provided,  followed  by 
an  analysis  of  the  species  of  section  Coeiococcus  using  that 
approach. 

1)  Biological  species  concept:  A species  is  a unit  of 
evolution,  composed  of  populations,  which  are  reproductively 
isolated  from  other  species  (Mayr  1942,  Mayr  i Ashlock 
1991).  This  definition  is  nondimensional,  and  is  not  useful 
for  studying  species  through  time.  Each  species  of 
Hetroxylon  section  Coeiococcus  is  a group  of  individuals 
that  have  the  potential  to  Interbreed.  All  of  the 
individuals  of  section  Coeiococcus  examined  in  Che  field 

producing  fertile  fruits.  None  of  the  populations  has  been 
found  to  be  reproducing  asexually,  i.e.,  via  suckers.  Self 
pollination  does  occur,  apparently,  because  single  isolated 


discussed  in  chapts 


littli 


seeds.  As  will  be 
known  about  the  pollination  biology  oc  breeding  system  of 

that  species  of  Metraxylon  section  Coelococccs,  closely  fit 
the  biological  species  concept,  yet,  it  is  noted  that 
several  of  the  species  are  cou^osed  of  isolated  Insular 
populations  having  no  apparent  means  of  exchanging  pollen, 

species,  i.e.,  a lineage  (ancestor  descendant  sequence  of 
populations)  "moving"  through  space  and  time. 

lineage  may  be  considered  a species  due  to  the  independence 
of  its  evolutionary  path  (Simpson  1961,  Wiley  1961) . 
Presumably,  each  species  of  MeCroxylon  consists  of  a lineage 

destinies,  each  based  upon  subtle  selective  pressures  and 

their  distribution  (chapter  eight),  it  is  likely  that 
physical  barriers  (oceans)  provided  the  initial  barriers  to 
reproduction  between  populations,  such  that  eventually  each 
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These  concepts  (biolo9ical  and  erolutionaryj , although 
heuristic,  are  of  little  practical  value  in  delimiting 
species  within  Afstroxylon. 

3)  Diagnosable  species  concept  (or  phylogenetic  species 
concept  I] : Species,  according  to  this  approach,  are  minimal 
diagnosable  groups,  and  are  differentiated  from  other  such 
groups  by  at  least  one  consistent  character,  often 
morphological  (Cracraft  1983,  Davis  s Nixon  1992).  Each 
species  of  Metroxylon  section  Coelococcus  has  one  or  more 
characters  that  consistently  differentiate  it  from  the  other 

4)  Apomorphic  species  concept  (or  phylogenetic  species 
concept  IX):  A species  may  be  defined  as  a monophyletic 
group  of  populations,  as  evidenced  by  their  synapomorphies, 
with  the  least  inclusive  groups  being  recognized  (Donoghue 
1985,  Mishler  1985,  DeOueiros  i Donoghue  1988,  1990).  The 
species  of  Metroxylon  section  Coelococcus  are  definable  as 
groups  of  populations  that  share  one  or  more  apomorphies, 
and  lao)c  any  consistent  infra-group  separations,  i.e.,  the 
species  are  Che  lainimal  clades  evident  from  phylogenetic 
analysis . 

5)  Phenetic  groups:  Members  of  a species  form  a 
pheneCic  cluster  that  is  differentiated  from  other  similar 
clusters  by  a gap  in  multidimensional  space,  as  defined  by 
the  characters  measured  and  included  within  a phenetic 
analysis  (Sneath  i Sohal  1973,  A)obott  et  al.  1965)  , The 
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species  of  MeCroxyion  section  Coelococcus  are  composed  of 
individuals  that  are  similar  to  each  other  in  numerous 
characters  and  are  distinguished  from  other  species  by  gaps 
in  the  overall  pattern  of  variation.  Thua^  each  species  is 
presumed  to  form  an  isolated  phenetic  cluster.  However, 
insufficient  data  have  been  collected  to  delimit  objectively 
phenetic  species  within  section  Coelococcus.  Instead, 
characters  have  been  chosen  for  the  phylogenetic  analysis  of 
section  Coelococcus  (chapter  five),  which  are  variable 
across  the  section,  but  reflect  character  clusters  In  the 
populations  and  herbarium  materials  observed.  These 
characters  may  be  used  at  a later  date,  to  determine 
phenetic  groups/species,  based  upon  a larger  data  set.  At 
present,  the  very  few  complete  herbarium  specimens  preclude 
detailed  phenetic  analysis. 

All  of  the  above  definitions  are  useful  within 
/ietroxylon,  although  some  may  be  easier  to  apply  than 
others.  The  variety  of  definitions  is  reminiscent  of  the 
variety  of  descriptions  given  in  the  mythical  story  of  the 
blind  men  and  the  elephant.  Each  blind  man  grasping  a 
different  portion  of  the  elephant  provided  a different 
definition  of  the  creature.  When  grappling  with  the 
question  of  species,  different  perspectives  may  be  ta)cen  for 
Che  purpose  of  answering  different  questions.  Although  the 
minimal  diagnosable  entity  approach,  along  with  a subjective 
phenetic  approach,  has  been  used  to  define  the 


groupings  used  In  the  cladistic  analyses,  the  results  of  the 
phylogenetic  study  allowed  the  application  of  Che  apomorphic 
species  concept  (chapter  five).  Application  of  these  three 
approaches  resulted  in  no  differences  in  specific 
ciccumscciptions.  Additionally,  all  evidence  suggests  that 


eight) . 


CSAPIEH  5 

PHYLOGENETIC  REIATIONSHIPS 
GENERAL  INTRODUCTION  AND  METHODS 

Metroxylon  section  Coelococcus,  were  investigated  by  a 
series  of  morphological  cladiatic  analyses.  First,  the 
hypothesized  sister  genua  to  Metroxylon  was  determined 

(Lepidocaiyoid  palms)  (Table  S.l),  using  Nyps  Steck,  as  the 
outgroup-  Second,  the  monophyly  of  Metroxylon  was 
investigated  using  Rephla  and  the  two  genera  suggested  as 
most  closely  related  to  Hetzoxylon,  tKoztiialsia  and 
Eugeissone) . This  study  also  was  used  to  test  Beccari's 
hypothesis  chat  Metroxylon  was  divisible  Into  two  sections, 

section  Metroxylon  was  used  as  the  outgroup  in  a cladistic 
analysis  of  the  species  of  section  Coelococcus . 

For  each  of  the  cladistic  analyses,  putatively 
homologous  characters  were  selected  on  the  basis  of 

(continuity)  within  taxa  (Stevens  1991).  The  characters 
were  examined  in  the  outgroup  and  ingroup  taxa,  determining 
both  guantitative  and  qualitative  character  states  for  ea(di 
character.  Outgroup  comparison  (Hatrous  and  Wheeler  1981, 
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Madison  et  al.  1969)  was  used  to  polailaa  the  characters. 

The  characters  used  in  each  cladistic  analysis  (Tables  5,2, 
5.7,  and  5.9)  are  listed  with  the  hypothesized 
pleisiomorphic  states  scored  as  0 and  hypothesized 
aponorphic  states  scored  as  1,  2,  or  3.  Taxa  that  are 
variable,  i.e.,  show  more  than  one  state,  are  indicated  as 
variable  (v)  , For  soioe  characters  in  certain  taxa,  there 
were  insufiicient  data  available  and  these  characters  are 
scored  as  unknown  (?),  Both  variable(v)  and  unknown)?} 
characters  were  coded  as  unknown  in  the  computer  analyses. 
Autapomorphies  have  been  included  in  the  analysis,  but  the 
consistency  indexes  have  been  calculated  with  these 
excluded.  For  the  final  analysis  of  the  species  of  section 
Coeloooccus,  the  autapomorphies  were  used  to  determine 
whether  each  species  was  best  considered  a cladoapecies  or  a 
metaapeclea,  and  then  these  autapomorphies  were  removed  for 
a final  analysis  with  a consistency  index  more  reflective  of 
the  homoplasy  found  within  the  cladogram.  Multistate 
characters  have  been  considered  as  unordered  unless 
otherwise  stated.  In  the  first  and  third  cladistic  studies, 
multi-state  characters  were  broken  into  a aeries  of  binary 
characters,  while  in  the  second  analysis,  multi-state 
characters  were  left  as  single  characters  with  multiple 

The  data  matrices  used  in  the  various  cladistic 
analyses  are  presented  in  Tables  5,3,  5.8,  and  5.10.  These 


The  results,  es  presented,  are  based  upon  the  date  provided 
by  KennigSS  with  analysis  parameters  of  ie  (generates  trees 
of  implicit  emmomeration)  and  bb»  (extended  branch  swapingl . 
The  results  of  these  analyses  are  found  in  Figures  S.l,  b.2, 


CLADISTIC  AHAIYSIS  OF  THE  CMJWOIDEAE 


Although  Che  purpose  of  this  study  has  been  to 
determine  the  phylogenetic  relationships  within  Hetroxylon 

necessarily  been  studied  as  well  in  order  to  clarify  the 
relationships  of  the  closest  relatives  to  the  ingroup.  The 
Celanoideae  is  one  of  six  subfamilies  of  family  Arecaceae  as 
outlined  by  Moore  (19731  and  formalized  by  Dhl  and 
Dransfield  (1987,  1983) . Although  only  precursory  cladistic 
studies  of  Che  sub-families  of  the  Arecaceae  have  been 
undertaken  (Uhl  et  al.  1995),  it  is  very  IDcely  that  the 

Arecaceae-  The  characters  that  have  traditionally  united 

reflexed  scales,  Zjfloral  dyads,  and  3)  spinescent  armature 
on  many  structures.  Although  many  other  characters  have 
been  applied  Co  this  subfamily,  it  is  fairly  apparent  that 


subfamily 
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can  be  diagnosed.  The  balance 

assumption,  i.e.,  the  monophyly  of  the  Calemoideae  (sensu 
Uhl  and  Dranafield  198T). 

Ihe  Caiamoideae  have  been  divided  into  two  tcibee  and 
eight  aubtribes  (bransfield  and  Uhl  1986}  baaed  largely  upon 
the  form  of  the  floral  dyads,  the  condition  of  the  flowers 
within  the  dyads  (hermaphrodite,  staminate,  pistillate), 
other  floral  oharaotera  such  as  rachilla  form,  hapaxanthio 
vs.  pleonanthic  growth  forms,  and  monoecioua  va.  dioecious 
sexual  states.  These  traditional  tribes  and  subtribes  along 
with  their  defining  characters  ate  listed  in  Table  5.1. 

Outgroup  selection  for  the  cladistic  analysis  of  the 
Calamoideae  was  baaed  upon  the  prior  cladistic  analyses  of 
Che  palms  (Ohl  et  al.  1995),  which  indicated  that  the 
Wypoldeae  Griff,  is  sister  to  the  remaining  palms.  Since 
the  relationships  of  Che  rest  of  the  palm  subfamilies  to  one 
another  are  still  in  question,  Nypa  was  selected  as  Che 
outgroup  for  character  polaritation/outgroup  analysis. 


The  characters  chat  have  been  used  to  investigate  the 
phylogenetic  relationships  of  the  Calamoideae  were  selected 

Metroxylon,  KortJiaJsia,  Calamus,  and  Rapftia.  Characters 
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some  genera,  e.g.  Caiamus,  have  ao  much  infrageneric 
Tariability  that  their  character  conditions  fregiiently  hare 
been  coded  as  rariable-  Further  research  into  the  cladistic 
relationships  within  each  of  these  genera  would  be  eery 
helpful  in  determining  the  states  of  the  basal  members 
(presumably  the  character  conditions  that  could  be  used  to 
represent  the  genus  as  a whole  in  intergeneric  analyses). 
Many  of  the  characters  selected  have  been  employed  in 
previous  tribal,  subtribal  and  generic  delimitations,  and 
therefore  can  provide  a basis  for  evaluation  of  the 
traditional  classification. 

Problems  in  delimitation  of  character  states  occur  and 
are  aggrevated  by  the  typical  problems  encountered  by  palm 
systemacists,  i.e.,  the  large  size  of  many  structures  and 
the  limited  (and  often  insufficient)  number  of  collections. 
The  non-rattan  palms  of  the  Caiamoideae  freguently  have  very 
large  leaves,  e.g.,  fiaphla,  up  to  25  meters  long,  and  very 

The  shear  size  and  proportions  of  these  structures  have 
limited  the  availability  of  good  collections  and  also  have 

information  about  the  various  structural  components.  It  is 
quite  liltely  that  some  characters  that  would  prove  to  be  of 
value  in  differentiating  and  grouping  the  Calimoideae  (and 


literature 
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this  analysis  due  to  lac);  of  information  in  the 
and  herbaria. 

SeTeral  groups  of  characters  largely  have  been  excluded 
from  this  study,  e.g.,  pollen  characters  (only  the  most 
obvious  exine  character  has  been  included) , ecological 
characters,  cheoLical  characters,  DHA  characters,  and 
anatomical  characters.  The  accumulation  of  these  data  is 
beyond  the  scope  of  this  project.  Thus,  the  characters 
used  represent  only  morphological  features,  largely  limited 
to  those  which  can  be  observed  on  herbarium  sheeta,  or  which 
are  commonly  included  in  collectors  observations. 

Seventy-five  character  states  (Table  5.2)  and  23  taxa 
(Table  5.3)  were  used  in  the  cladistic  (Hennig  56)  analysis 
of  the  CalaBoideae.  For  each  of  the  characters,  the 
hypothesised  pleisiomorphic  state  is  that  found  in  the 
outgroup,  Nypa.  Characters  with  multiple  states  have  been 
bro)(en  Into  their  binary  factors,  but  are  discussed  as  a 
single  character.  Pleisiomorphic  (0)  and  apomorphic  (1,  2, 
or  3)  states  are  indicated  in  Table  5.2.  Extended  character 
discussions  are  provided  for  characters  that  have  proven  to 
be  of  greatest  value  in  determining  the  phylogenetic 
relationships  within  the  Calamoldeae,  others  axe  only 
briefly  mentioned. 

1-Stem  origin  conditions  (Habit) : Palms  have  the 
ability  to  produce  progeny  sexually  from  fruit  and/or  via 
sucbering  of  new  individuals  asexually  from  the  trunks  of 
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more  mature  indlTiduala.  The  suckering  characteriatic 
(aympodial  growthi  has  not  been  observed  directly  on  any 
herbarium  sheet,  although  it  is  frequently  referenced  in 
collecCosB  notes.  This  charaoter  provides  a relatively 
dramatic  difference  in  the  field.  Trees  with  sytqiodial 
habits  frequently  are  surrounded  by  numerous  juveniles,  some 
with  obvious  connections  to  Che  adult.  These  trees  tend  to 
be  in  fairly  dense  patches  with  little  else  growing  under 
their  cover.  Hon-suckering  trees,  may  be  found  in  groups 
but  are  commonly  found  in  stands  of  trees  of  about  the  same 
age-class.  Occasionally  patches  of  juvenile  trees  will  be 
found,  with  either  the  presence  of  a dead/dying  adult  which 
has  recently  produced  fruit  or  the  decaying  log  of  that 
adult  in  the  immediate  vicinity.  Non-clustering 
(ffionopodial)  palms  are  propagated  by  fruits  only,  whereas 
clustering  palms  may  propagate  via  fruits  or  asexually 
through  suclterlng.  For  the  purposes  of  this  analysis, 
suckering  is  differentiated  from  branching  of  the  stem, 
wheither  aerially  or  terrestrially  because  branching  leads 
to  the  near  equal  continuation  of  two  parts  of  the  same 
individual  adult,  whereas  suckering  eventually  produces  a 
new  physical  individual.  Branching  in  Wjpa  is  considered  as 
a branching  event  rather  than  a propagation  event,  even 
though  eventually,  two  seperate  individuals  are  formed. 

2-6-Stera  growth  conditions  (Habit):  The  stems  may  be 

erect  or  prostrate,  or  may  be  acaulescent,  i.e.,  with  very 


study  simply  called  erect)  or  climbing  rattans  (in  this 
study  categorised  as  climbing) . Additionally  the  meristems 
nay  branch  either  subterraneanly  or  aerially  to  proeide  more 

Identified  as  either  palmate  or  pinnate.  This  character  nay 
be  related  to  eophyll  condition  (T5). 

8,13-15-  Leaf  sheath  outgrowths;  The  leaf  sheaths  of 
the  Calanoideae  haee  many  speoialised  characteristics.  The 
simplest  of  these  characters  is  the  presence  or  absence  of 
spines  or  prickles  on  the  surface  of  the  sheath.  Three 
other  sheath  characters  chat  generally  are  associated  with  a 
rattan  habit  are  an  ocrea  (extensions  of  the  leaf  sheath), 
lenees  (swollen  margins  between  the  petiole  and  the  sheath), 
and  auricles  dobed  tissue  extensions  from  Che  sheath 

9,12,16,17-Leaflet  characteristics:  The  leaflets  of 

pinnate  leaves  can  be  arranged  in  orderly  rows  along  each 
aide  of  the  rachia  (regular  arrangement)  or  may  be  arranged 
in  clusters  along  the  rachis  (grouped  arrangement).  It  1s 

but  also  have  portions  of  Che  rachis  with  regularly  arranged 
leaflets.  Therefore,  leaves  with  only  a regular  arrangement 

(even  if  mostly  regular)  were  scored  as  grou 


oped.  Leaflet: 


may  be  modified  (reduced)  into  spine-li)ce  structures  called 
acanthophylls . The  terminal  leaflets  on  each  rachis  may  be 
as  the  lateral  leaflets  (simple)  or  may  be  cot^ound  (formed 
of  several  unseparated  leaflets),  blid-xachis  leaflets  (mid- 
leaflets)  nay  also  be  found  to  be  unseparated  (several 
fold) - 

10- Leaf  rachis  modifications:  Rattan  palms  may  have 
modified  leaf  rachis  tips  that  are  used  as  climbing  and 
clinging  structures,  i.e..  cirri.  (Senera  having  members 
with  cirri  were  recorded  as  having  cirri  present,  those 
without  cirri,  as  absent . 

11-  Inflorescence  modifications;  Rattan  palms  may  have 
inflorescences  that  have  been  sterilized  and  modified  into 
climbing  organs  called  flagella.  These  were  scored  as 
eithsr  present  (noted  at  least  once)  or  absent  (never  noted) 

18- Insect  affiliations;  Ant  galleries  may  be  present  in 
some  rattan  genera,  these  presumably  have  a protection 
advantage,  and  have  been  scored  as  present  or  absent.  Ant 
associations  may  involve  different,  non-homologous  plant 
structures,  but  are  cor^arable  as  representing  homologous 
apomorphlc  tendencies  (Cantino  1982,  1988)  which  lead  to 
development  of  the  plant-animal  associations. 

19- 23-Inflorescence  branching  order:  The 

inflorescences  of  Che  Caleaoideae  vary  greatly  in  the  number 
of  times  they  branch  prior  Co  production  of  flowers. 
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Branching  nay  be  from  Che  1st  CO  4th  order  with  each  genua 
scored  (if  rarlahle)  based  upon  the  largest  number  of 
branching  orders  observed  within  the  genus. 

24- Flowering:  The  infloreacencea  produced  by  each  palm 
may  represent  either  indeterminate  growth  (pleonanthic)  or 
determinate  growth  (hapaxanthici . Balms  which  are 
pleonanthic,  produce  multiple  inflorescences  throughout  an 
extended  lifetime,  which  presumably  is  indeterminate.  Palms 
which  are  hapaxanthic,  produce  only  one  inflorescence  in  Che 
distal-most  portions  of  Che  stem  prior  to  death  of  the 
individual.  Korthalsia  has  been  identified  as  hapaxanthic, 
based  upon  the  terminal,  but  axillary  positions  of  its 
inflorescence(s) . l4o  differentiation  has  been  recognized 
between  the  bracts  which  subtend  each  inflorescence  branch 
and  leaves  of  Kozthalsia  which  subtend  each  terminal  and 
near  terminal  inflorescence.  Homology  between  leaves  and 
bracts  (Weberling  1985]  implies  homology  between  each  type 
of  terminal  inflorescence. 

25-  Inflorescence  subtending  leaf  condition:  The  leaf 

that  immediately  subtends  the  inflorescence  may  be  modified 
in  size  and/or  shape  and  may  be  found  to  be  either  aheathing 
{enclosing  the  base  of  the  inflorescence)  or  splitting 
(cracking  open  to  reveal  the  base  of  the  inflorescence). 

26- Bachilla  bract  pits:  The  bracts  which  subtend  the 
flowers  on  a rachilla  may  form  pits,  which  are  lined  with 


The  flov 


sd  by  tufts  of 


shielded  when  young  by  the  bracts. 

27-32-Prophyil  bract  characteristics;  The  prophyll 
bracts  of  Che  inflorescences  may  be  present  or  absent.  If 
present,  the  prophylls  may  be  tubular  (not  enclosing) , 

enclosing  and  opening  by  one  or  more  splits,  Additionally, 
the  peduncular  and  rachis  bracts  may  be  either  similar  to 
the  prophyll  bract  or  reduced  and  smaller  chan  the  prophyll 


33-36-Primary  inflorescence  bract  characteristics i The 
primary  inflorescence  bracts  may  be  complete  and  tubular, 
complete  but  splitting,  incoiq)letely  formed,  or  deciduous. 

37-Rachilla  bract  characteristics:  The  rachilla  bracts 
may  be  arranged  spirally  or  discichously  and  may  be  either 
completely  or  incompletely  formed  <aensu  Uhl  and  Diansfield 
1907) . 


40-Sexual  expression;  Celamoideee  palms  may 
monoecious,  dioecious  or  polygamous  (having  at  le 
perfect  flowers  on  each  individual). 


41-49-i 
dyads,  vari; 


clustering  units:  Although  gene 
•ithln  the  dyads  occurs  as  well 
Types  of  dyads  include 
iiinate,  plstillatetstamlnate,  st 
Non-dyads  include  solitary 


Illy 


pistills 


solitary  flc 


with  monoecious  rachilla,  and  those  with  flower  clusters  of 
up  to  13  flowers  including  both  pistillate  and  staminate. 

three;  flowers  usually  have  two  whorls,  but  some  have  higher 
numbers  of  whorls.  Wypa  has  only  one  whorl  of  three 


53-55-Filamenca  oharacters:  The  staminal  filaments  may 
another  or  oonnate  in  a ring,  and  erect  or  inflexed  at  the 


tip. 

56,  71-15-Anther  characters:  Anthers  may  be  either 

filament  in  a limited  basifixed,  elongate  basifixed, 
dorsifixed,  or  medifixed  fashion.  They  may  release  their 

57- Pollen  exine  condition:  The  exine  may  be  either 
teotate  or  intectate.  Occasionally  exines  are  reported  to 
be  semi-tectate.  These  have  been  scored  as  teotate. 

58- Stigmatic  condition:  The  stigma  or  the  remains  of 


the  stigma  may  be  either  pyxa 
be  trlfed. 

59, 66-6B-Seed  characters 
Calamoideae  may  have  from  one 
have  only  one) . The  seed 


! fruits  of  genera  of 
seeds  (but  typically 
or  hard/dry. 


may  be  fleshy 


possess  a depression  known 


chalaral  pit.  The  endosperm  of  the  seed  nay  be  homogen 

character,  which  may  prove  to  be  of  little  taxonomic  val- 
in  studies  of  the  Caleaoideas. 

60-Fruit  carpel  oharaeceristlcs : The  fruits  of  all 
Calaaoideae  possess  reflexed  pericarp  scales,  but  these 
scales  may  be  regularly  arranged  in  neat  vertical  rows  o 
nay  be  irregularly  arrayed.  The  fruit  meaocarp  tissues 
be  dry  (fibrous),  fleshy  or  obsolescent.  An  endocarp  na 
may  not  be  present,  and  if  present  may  or  may  not  be 
appressed  against  the  seed  coat.  As  will  be  discussed 
below,  the  seed  characters  of  each  calamoid  genua  often 
highly  specialised  with  autapomorphies  being  very  common. 
Seed  shape  and  structure  characters  may  be  of  value  at  th 
generic  level,  but  some  may  prove  to  be  too  variable  for 
higher  level  studies. 

69- Embryo  position:  The  embryo  is  always  found  oppo 
the  pit  in  the  seed  but  may  be  either  basal  or  lateral 
within  the  fruit. 

70- Eophyll  condition:  The  first  juvenile  leaf  to  em 

condition  may  be  related  to  Che  adult  leaf  structure  (via 
concepts  of  neoteny  or  progenesis).  The  Calmoid  genera 
between  bifid  and  pinnate  taxa  (with  many 


aghly  split 


Characters 


Mthough  the  characters  used  are  mainly  those 
emphasized  by  Uhl  and  Dransfield  (19B7),  other  characters 
were  considered  and  rejected  for  a variety  of  reasons. 
Characters  which  were  not  used  due  to  lack  of  information 
include:  number  of  leaflets  per  leaf/  leaflet  size/  number 
of  vertical  rows  of  pericarp  reflexed  scales,  chromosome 
number,  number  of  rachillae  per  branch,  pubescence  of 
rachillae  parts,  diameter  of  rachillae,  and  number  of  rows 
of  floral  dyads  or  monads  per  rachillae.  Several  of  these 
also  are  continuously  variable,  causing  problems  with  state 
delimitation.  Characters  not  used  due  to  questions  of 
homology  include:  root  spinescenoe,  seed  shape  types,  depth 
of  seed  pits,  fruit  size  and  shape,  and  spine  type  and 
arrangement.  Additionally  many  characters  were  not  included 
because  it  was  felt  that  they  would  merely  reflect 
additional  epecializations  within  Che  rattan  genera,  which, 
except  for  Korthal$ia,  were  not  the  focus  of  this  study. 
These  include:  intemode  lengths,  petiole  length,  and 
inflorescence  size. 

Results 

Figure  5.1  illustrates  the  strict  consensus  of  the  104 
equally  parsimonious  cladograms  that  resulted  from  Che 
cladisCic  analysis  of  the  Calajtoidaae;  a representative 
cladogram  Is  also  presented.  The  character  states  plotted 
on  the  consensus  tree  represent  only  those  that  consistently 


U) 


6.  Stem  branched  (0),  unbranched  (1) 


8.  leaf 


(1) 


9.  Leaflet  insertlona  regular  (0),  at  least  some  grouped  (1) 

10.  Cirrus  absent  lOl,  present  (1) 


present  (1) 


n. 


(1) 


21. 

22. 

23. 

24. 

25. 

2E. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 


Infloreacer 


(01,  3rd 


Inflorescence  branching  ocher  than  Isc  order  (0),  1st 

Inflorescence  pleonanthic  0),  hapaxanthic  (11 
leaf  subtending  inflorescence  branches  sheathing  (0), 
splitting  (11 

Rachilla  bracts  not  forming  hair-lined  pits  101,  forming 
hair-lined  pita  (1) 

Prophyll  present  (0),  absent  (11 

Prophyll  tubular  (not  enclosingl  (01,  not  tubular(or 


Prophyll  not  splitting  (or  ocher)  (0),  splitting  (not 

Prophyll  not  enclosing  (or  otherl  (01,  enclosing 
(opening  by  apical  poresi  (1) 

(opening  by  splitsl  (II 

Peduncular  and  rachls  bracts  einllax  to  prophyll  (01, 
much  reduced  (much  smaller  than  the  prophylll  (1) 
Primary  inflorescence  bracts  other  than  incot^lete  (0), 

Primary  inflorescence  bracts  complete,  tubular  (01, 


3ther  (1) 
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35.  Primary  inflorescence  bracts  ocher  than  complete  but 

splitting  (0),  complete  but  splitting  (1) 

36.  Primary  Inflorescence  bracts  ocher  chan  deciduous  (0), 

deciduous  (1) 

37.  Rachllla  bracts  spiral  (0),  distichous  or  ineoi^lete  (11 

39.  Rachilla  bracts  complete  and  spiral  or  distichous  (0), 

incompiete  (11 

40.  Tree  moDoecious  (Ql,  dioecious  (II,  polygamous  (2) 

41.  Flowers  ocher  than  solitary,  hermaphroditic  (01, 

42.  Flowers  in  other  than  dyads,  hermaphroditic  (0),  dyads, 

hermaphroditic  (1) 

43.  Flowers  in  other  than  dyads,  hermaphrodite+staminate 

10),  dyads,  hermaphrodite+staminate  (1) 

44.  Flowers  in  ocher  chan  dyads,  pistillatefscaminate  (01, 

dyads,  pistillatetscaminate  (1) 

45.  Flowers  in  other  Chan  dyads,  staminate  (0),  dyads, 

46.  Flowers  solitary,  pistillate  (0|,  other  (1) 

47.  Flowers  solitary,  staminate  (0),  other  (1| 

4S.  Flowers  other  than  solitary,  (both  stam  and  pist  on 

rachilla) (1) 


13 

rloweis  in  other  than  cluaters  tof  up  to  13),  both  stan 
and  plst  (01,  cluaters  (of  up  to  131,  both  staai  and 
piat  (1) 

Stamena  other  than  6(0),  6 <11 
Stamens  3 (0),  other  (11 
Stamens  s6  (0) , >6  (1) 

Filaments  adnate  to  corolla  jOl,  free  from  corolla  (1) 
Filaments  distinct  (01,  connate  in  a ring  (11 
Filaments  not  inflexed  at  tip  (0),  inflexed  at  tip  (1) 
Anthers  not  rounded  (Ol,  roundedd) 

Tectate  exine(O),  intectate  exinedl 
Stigma  (remains)  pyramidal  (0),  trifed  (1) 

Fruit  more  than  1 seeded  (01,  1 seeded  (1) 

Pericarp  reflexed  scales  absent  (0),  present  (11 
Pericarp  scales  absent  (0),  regular  (1),  irregular  (21 
Mesocarp  present  and  dry  or  fleshy  (0),  obsolescent  (11 
Mesocarp  dry  (fibrousl  (0),  obsolescent  or  fleshy  (1) 
Mesocarp  obsolescent  or  dry  (0),  fleshy  (1) 

Endooarp  present  (differentiated!  (0),  not  (1) 

Sarcotesta  absent  (0),  present  (11 
Chalaral  pit  present  (0),  absent  (1) 

Endosperm  homogeneous  (0),  ruminate  (1) 

Embryo  basal  (01,  lateral  (or  subbasal)  (1! 

Eophyll  bifid  (01,  pinnate  (1) 

Anthers  elongate  basifixed,  other  (0),  limited  basifixed 
111 
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72.  Anthers  other  than  dorsifi.'ied  (0),  dorsifixed  (11 

73.  Anthers  other  than  inedlfixed  101,  medlflxed  (1) 

74.  Anthers  extrorse,  other  (Ol,  introrae  (II 

75.  Anthers  latroxse  (11,  other  (0) 


1.  Traditional  descriotions  of  ' 


s;:lE!Sn|s|,.SSpH;^^ 


parslnonic 


traditional  tribes  and  aubtribes  of  the  Calamoideae  are 
outlined  in  table  S.l  and  the  characters  used  in  the 
circumscription  of  these  taxa  are  listed  in  table  5.4. 

Table  5.5  presents  a reeised  classification  of  Calamoideae 
based  upon  the  strict  consensus  cladogram  (Figure  5.1).  The 
apomorphic  characters  that  diagnose  each  clade  (Niley  1981) 
are  reported  In  Table  5.6. 


Generally  it  can  be  seen  that  some  of  the  characters 

traditional  classification,  are  indeed,  synapomorphies  of 
well  defined  clades  (Tables  5. 4-5. 6).  Some  characters  are 
apomorphiea  of  portions  of  the  groups  that  they  ate  supposed 
to  delimit;  this  is  acceptable  in  an  intuitiee/evolutionary 
taxonomic  system  of  classification  and,  therefore,  is  a 

characters  have  not  been  included  in  this  study  and  cannot, 
therefore,  be  evaluated.  Finally,  about  one  third  of  the 
chacaccera  used  to  define  the  traditional  taxa  are 
syaq>leisiomoiphies,  and  are  non-informative  in  regards  to 
the  oonophyletic  groups  outlined  in  this  study. 

The  two  traditional  tribes  are  divided  into  those  which 
have  palmate  leaves  and  those  with  pinnate  leaves.  The 
tribe  Lepldoaecyeae  was  found  to  be  nonophyletio  and  well 
the  traditional  and  apomorphic  character  of 


defined  by 


having  palmate  leaves,  but  the  tree  topology  reguirea  that 
this  group  be  viewed  as  part  of  a recirounscribed  Calabeae, 
and  thus  recognized  at  a lower  rank  than  tribe.  This  group 
and  all  of  ita  constituent  genera  are  retained  as  subtribe 
Lepidocaryinae  (Table  5.51  with  its  diagnostic  aponorphies 
listed  in  Table  5.5.  The  Calaiseae,  as  traditionally 
circumscribed  is  found  to  be  based  upon  a pleisloiiiorphic 
character,  i.e.,  pinnace  leaves,  and  is  paiaphyletic.  This 
second  tribe  of  Calamoideae  has  been  retained  (Table  5.5) 
but  recircumscribed  based  upon  Che  apomorphic  characters 
listed  in  Table  5.5.  A new  tribe  has  been  proposed,  the 
)iaphiinae  (J.Q.  Hooker)  Mcclatchey  (Table  5.5),  based  upon 
the  apomorphic  characters  found  in  Table  5.6  as  derived  from 
Figure  5.1.  This  group  was  previously  considered  to  be  a 
subtribe  of  Calameae  (Table  5.1),  but  is  most  likely  sister 
Co  the  remaining  lepidocayoid  genera.  Nomenclatucal 
validation  of  the  Raphiinse  is  presented  in  chapter  six. 

The  PigafeCtinae  is  of  course,  unaltered  in 
circumscription,  and  is  retained  in  Calameae  (see  Table 
5.5).  Several  ocher  aubtribes  of  Calaaeae  are  evident. 
Sugeissonlnae  and  Hetroxylon  are  united  into  one 
monophyletic  subcrlbe,  Metcoxylinae,  because  the  former 
would  be  paraphyletic  were  Hetroxylon  excluded.  Korthalsia, 
the  other  genus  of  Metroxyiinae,  sensu  Uhl  and  Dransfield 
(1907),  is  part  of  the  WsCroxyllnae  clade  in  most  of  the 
most  parsimonious  trees,  but  is  isoiated  in  the  strict 


;thal$ia  foi 


clade,  it  is  always  based  upon  the  single  character  of  hair- 
lined  floral  pits.  KOrthalsia  has  been  included  within  the 
description  of  the  newly  circuiiiaoribed  Metroxylinac  because 
it  is  sometimes  linked  with  Metroxylon  but  is  not 
consistently  part  of  the  Metroxylon-Bus^issona  clade  doe  to 
specialised  rattan  features,  which  form  homoplasious 
similarities  with  other  rattan  genera.  The  newly 

metaphyletic. 

Subtribe  Calaainae  is  likely  paraphyletic  as 
traditionally  circumscribed,  and  is  here  restructured, 
losing  two  and  gaining  six  genera.  It  contains  two  very 
distinct  subgroups  as  well  as  a third  less  specialised  group 
and  these  may  warrent  taxonomic  recognition.  Eleiodoxa  and 
Salacca  represent  a well  supported  clade  within  the 
Csianinas  (Fig.  5.1).  This  monophyletic  clade  is  proposed 
as  a new  suhtribe,  Blelodoxinae  MeClatchey,  as  discussed  in 
chapter  six. 

Four  additional  consistent  relationships  are  reported 
in  Table  5.6-  The  traditional  subtribe  Ancistrophyllinae 
sensu  Uhl  and  Dransfield  (1987)  is  supported  by  four 
apomorphies.  However,  the  recognition  of  this  clade  at 
subtribal  rank  would  render  the  subtribe  Calaainae 
paraphyletic.  The  un-named  clade  conta 
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MAuriciella  is  supported  by  five  character  synaponorphies  as 
a aubclade  within  Lepidocaryinae . 

Out  of  7S  character  states  used  in  the  cladlstic 
analysis,  only  19  support  clades  evident  in  the  consensus 
tree.  The  other  26  charaoter  states  are  either 
autapoioorphies  or  are  variably  placed  in  the  104  most 
parsimonious  trees. 

In  summary,  the  clades  that  are  supported  (Table  S.S  t 
5.6)  in  this  study  are:  a neotropical  clade,  Lepidocaryiaae; 
several  paleo-tropical  arborescent  clades  of  varying 
specialiaation,  Faphiinaef  Metroxylinae,  and  Pigafettinae;  a 
paleo-tropical  acauleacent  clade,  £Ieiodoxinae;  and  a rattan 
clade,  Calaminae  (including  Jlncistrophyilinae) . Of  interest 
is  the  basal  position  of  Jisphla,  which  could  be  viewed  as 
having  the  floral  pattern  that  is  ancestral  to  the  Calanold 

Based  upon  this  preliminary  study,  one  would  conclude 
that  the  apomorphic  characters  of  {Talamoldeae  Include: 
clustering,  erect  stems  that  are  unbranching,  hapaxanthic 
inflorescences  branched  to  the  second  order,  six  stsmens, 
trlfed  stigmatic  remains,  a pericarp  with  reflexed  scales, 
an  undifferentiated  endocarp,  and  latrorse  dehiscence  of  the 
anthers.  However,  until  higher-level  cladlstic  studies 
including  numerous  representatives  of  other  subfasiilies  of 
Arecaceae  axe  conducted,  the  synaponorphic  features  listed 
above  will  remain  very  tentative. 
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This  analysis  clearly  Indicates  that  Sugeissona,  and 
usually  Korchaisia  ate  most  closely  related  to  Afetroxylon. 
However,  Korthalsla  and  Metroxylon  share  only  a single 
character,  hair-lined  floral  pits,  which  unices  the  two. 

conducted  in  order  to  clarify  phylogenetic  relationships 
among  these  genera  of  Calaaoideae.  The  traditional 
subtribe,  Metroxylinae,  is  sometimes  supported,  but  only  by 

found  to  he  variable,  pleisiomorphlc,  or  apomorphies  of 
Uetroxylon  or  Korthalsla  or  sections  thereof. 

CLAPISTIC  AKALYSIS  OF  THE  METROmilHAe  CIADE 
The  previous  analysis  groups  MeCroxylon  with  Bugeissona 
and  lihely  also  Kortfielsia.  The  association  with  NbrtAalsia 
supports  the  traditional  taxonomy  as  presented  by  Dransfield 
and  Dhl  (198(1  . The  placement  with  Bugsissona  represents  a 
novel  grouping.  Metroxylon  is  not  closely  associated  with 
Bleiodoxa  in  any  of  the  most  parsimonious  trees,  even  though 
Sleiodoxa  has  been  considered  as  a close  relative  to 
Metroxylon  (Dransfield  pers.  com.,  Uhl  i Dransfield  1987), 

or  nearly  basal  position  among  taxa  of  Calamoideae  (as  re- 
surcumscribed) , and  fiaphia  consistently  is  sister  to  all 
other  genera  of  lepidocaryoid  palms.  The  remaining  genera 


Characters 


by 


1- stem  origin  conditions  (Habit):  see  character  1 (page 

67) . 

2- Stem  growth  conditions  (Habit):  see  characters  2-6 

(page  67) . 

3- Stilt  roots:  Stilt  roots  have  evolved  at  least  once 
in  the  study  genera.  All  stilt  roots  are  assumed  to  be 
homologous  due  Co  a lac}c  of  contradictory  evidence. 

4- S-Leaf  sheath  characters:  The  leaf  sheaths  may  have 
spines  or  prlc)(le3  present  as  isolated  spines,  as  clusters 
or  in  rows  (combs) . All  of  these  states  are  coded  as  armed. 
Leaf  sheaths  which  are  bare  of  all  splnes/pricicles  are  coded 
as  unarmed.  The  sheaths  may  also  have  indumentum  produced 
in  patches,  bands  or  uniformly  over  the  adaxial  surface. 

Any  genus  with  the  presence  of  indumentum  has  been  coded  as 
having  indumentum  present. 

6- LeafleC  characters:  see  character  8 (page  67], 

7-  Inflorescence  branching  order:  aee  characters  19-23 
(pages  67-66). 

8- Flowering:  see  character  24  (page  68). 

9- Inflorescence  rachis/peduncle  length  ratio:  The 

rachis,  which  constitutes  all  branching  beyond  the  length  of 
Che  peduncle  may  be  found  to  be  either  much  longer  than  the 
peduncle  or  much  shorter  in  length  than  the  peduncle  in  the 
genera  of  this  study.  Plants  with  a longer  rachis  chan 
peduncle,  tend  to  beep  the  Inflorescence  held  closely  to  the 
stem.  Those  with  longer  peduncles  tend  to  thrust  the 


The  latt 


bracts  may  be  arranged  spirally 


covering  it  with  course  pubescer 


13-Flower  clustering  units: 


cistics:  The  rachilla 
distichously.  The 
flowers  (dyads  or 
bud,  sheathing  and 
, forming  a shallow  pie  in 
racts  which  provide  this 


cacter  40  (page  691. 

1 the  previous  analysis  of 


ordered.  Based  upon  the  relationships  derived  from  the 
first  analysis  and  the  observations  of  Tomlinson  and  Moore 
{1966},  i.e,,  that  hermaphroditic  flowers  are  primitive  (see 
discussion  in  chapter  three),  a series  of  ordered  character 
states  have  been  hypothesized  and  employed.  The  order  of 
character  transitions  is:  flowers  solitary  {both  stamlnate 
and  pistillate  on  the  same  raohillae)  (0),  flowers  in  dyads 
of  hermaphrodite  and  staminate  (1|,  flowers  in  dyads  of 
hermaphrodite  and  an  unformed  presumably  staminate  flower 
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repcesented  by  an  empty  floral  bract  |2|.  Also  see 

14- Corolla/calyx  length  ratio:  The  ratio  between  the 
lengths  of  the  calyx  and  corolla  was  determined  based  upon 

standard,  in  KorChalsia,  Sugeissona,  section  Mecroxylon  and 
section  Cosiococcus,  the  hemaphroditic  flowers  were  used 

taxa).  Sexual  dimorphism  of  non  fertile  parts,  in  Raphla, 
is  marked,  but  in  the  remaining  taxa,  little  dimorphism  is 
noted  beyond  the  presence  of  absence  of  the  fertile 
structures  themselves. 

15- Stamen  number:  It  is  likely  that  the  higher  number 

increase  in  the  number  of  whorls.  More  information  about 
the  character  state  of  the  basal  members  of  J^aphia  could 
indicate  if  increased  stamen  number  has  originated 
separately  in  AapAia  and  Bugeissona  or  if  this  is  a 

subsequently  being  reduced  to  two  whorls  in  the  other  taxa 
studied.  Since  this  infonaation  is  unknown,  the  polarity  of 
this  character  is  uncertain.  Also  see  characters  50-53 
Ipage  70 1 . 


j-Ajither  characters: 


lalysis  of  Calaooideae 


the  variability  in  the  taxa  within  this  analysis  makes 

characters  56,  H-75  (pages  70-711. 

17-iS-Fruit/earpel  characteristics;  see  character  60 
(page  70). 

20-Z2-Seed  characteristics:  see  characters  59  and  66-68 


23- Embryo  position:  see  character  69  (page  701. 

24- Eophyll  condition:  see  character  70  (page  70). 


avoided  or  are  used,  but  with  concern.  Continuously 
variable  phenetic  characters  have  not  been  used  due  to 


multi-state  character  transformation)  since  they  would  only 


Results 

Figure  5.2  illustrates  the  single  moat  parsimonious 
tree  obtained  from  the  cladlstic  analysis  of  the 
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Table  5.7  Characters  used  in  the  cladistlc  analyale  of  the 
MetroKylond9  Bltuae. 


1.  Stems  solitary  (0|,  clustered  (1)  (unpolarised) 

2.  Stem  unbranched  10),  branching  (1) 

3.  Stilt  roote  present  (0),  absent  (1) 

4.  Leaf  sheath  unarmed  (0),  anted  (1) 

5.  Leaf  sheath  indumentum  absent  (0),  present  (1) 

6.  Leaflet  inaertlons  regular  (0),  at  least  some  grouped  Ul 

(unpolarired) 

7.  Inflorescence  branching  2nd  order  (0),  4th  order  (1) 

B.  Inflorescence  hapaxanthic  (0),  pleonanthic  (1) 

9.  Inflorescence  rachia  shorter  than  the  peduncle  (0), 

much  longer  than  the  peduncle  (1)  (unpolarized) 

10.  Rachilla  bracts  distichous  (0),  spiral  and  incomplete 

(1) 

11.  Rachilla  bracts  not  forming  hair-lined  pits  (0),  forming 

hair-lined  pita  (1) 

12.  Tree  dioecious  (0),  polygamous  (1) 

13.  Flowers  solitary,  (both  staminate  t pistillate  on  same 

rachilla) (0) , flowers  in  dyada,  hermaphrodite  + 
etaminace  (I),  flowers  soiitsry,  hermaphrodite  (2) 

14.  Corolla  >1.5x  as  long  as  calyx  (0),  corolla  <1.5x  as 

long  ( 1 ) 

15.  Seamens  6 (0),  >6  (11  (unpolarized) 

IS.  Anthers  baslflxed  to  elongate  (0),  medifixed  11) 
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n.  Pericarp  reflexed  scalea  regular  (0),  presenc  and 
irregular  (1) 

IS.  Mesocarp  fleahy  (0),  dry  (II 

19.  Endocarp  undifferentiated  (0),  present (differentitated) 
(1) 

ZD.  Sarcotesta  absent  (0),  present  (11 

21.  Chalaral  pit  present  (0),  absent  (1) 

22.  Endospera  homogeneous  (0),  ruminate  (1)  (unpolarlred) 

23.  Embryo  lateral  (or  subbasall  (0),  basal  (1) 

24.  Eophyll  bifid  (0]r  pinnace  (1}  [unpolarisedl 
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Discuasion 


Fruit  characters,  as  discussed  earlier,  are  highly 
variable  in  the  Calancideae  [except  for  the  all  encompassing 
characteristic  of  reflexed  pericarp  scales).  Sach  genus  may 
have  a number  of  apomorphies  that  are  associated  with  fruit 
shape,  carpel  and  seed  characters.  These  characters  have 
been  included  as  part  of  the  test  of  monophyly  of 
Metroxylon. 

Seven  of  the  24  characters  support  monophyly  of  the 
entire  Metroy.ylinae  clade  (although  it  should  be  noted  that 
some  of  these  characters  are  also  part  of  the  basal  suite  of 
Calaminae  characters) . Character  13,  hermaphroditic 
flowers,  may  be  considered  as  either  one  of  the  apomorphies 
of  the  Metroxylinae  or  as  a sympleslomorphy  of  the  Caianlnae 
(see  earlier  discusaion) . 

Bagaissona,  which  was  joined  to  the  other  two  genera 
upon  the  basis  of  floral  characters,  was  differentiated 
based  upon  at  least  four  generic  synapomorphies . The 
traditional  classification  of  MetroxyLinae  was  supported 
here  by  six  apomorphies,  including  the  presence  of  hair- 
lined  floral  pits  and  pita  in  the  seeds.  The  monophyly  of 
Korthalsla  was  supported  by  five  apomorphies. 

The  monophyly  of  Metroxylon  was  supported  by  two 
characters,  i.e.,  medifixed  anthers  and  the  presence  of  a 
sarcotesta.  Based  upon  the  characters  used  in  this 
analysis,  the  sections  of  Metroxylon,  may  or  may  not  be 
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supported.  Section  7Jetro.»cy2on  had  no  apomorphies  and  may  be 
paraphyletic.  Section  Coeiococeus  was  supported  by  a single 
aporeorphic  character,  a solitary  habit. 

This  analysis  supports  the  monophyly  of  the  genus 
Metroxylon  and  section  Coeiococeus,  but  is  unclear  regarding 
the  monophyly  of  section  Wetroxylon.  ftorthalsla  as 
presented  here,  is  clearly  linked  to  Metroxylon.  Further 
study  of  the  sections  of  Mecroxylon  and  Korthalsia  with 
determinations  of  their  basal  character  states  will  help  to 
resolve  the  many  ambiguities  present  in  this  analysis. 


CIADISTIC  AKALYSIS  OF  MBTSOXyiON  SECTION  eOE10C0550S 
Based  upon  the  results  of  the  previous  analysis,  a 
third  cladistlc  analysis  of  the  species  of  Metroxylon 
section  Coeiococeus  was  conducted  using  section  Metroxylon 
as  the  outgroup. 

Preliminary  herbarium  and  field  studies  of  Metroxylon 
section  Metroxylon  have  indicated  that  it  is  a highly 
variable  group,  although  phenetically  cohesive  and  distinct 
from  section  Coeiococeus.  Because  of  greater  availability 
of  herbarium  specimens,  the  range  of  characters  for  section 

number  of  specimens.  Based  upon  the  studies  of  Rauwerdink 
I19B6I,  it  is  possible  that  section  Metroxylon  consists  of 
only  a single  species,  M.  sagu.  My  preliminary  studies  of 
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may  exist,  but  here  I take  a oonaer^atlee  approach  and 

the  following  analysis,  the  terns  section  Metroxylon  and 
Metroxylon  sagu  Rottb.  are  used  interchangeably. 


The  characters  that  were  used  in  Che  cladisclc  analysis 
of  Metroxyion  section  Coelococcus  are  Chose  that  were  found 
to  show  relatively  little  infratsxon  variation  in  relation 
to  incertaxon  variation  (within  sections  Hetcoxylon  and 
coelococcus) . Several  characters  for  which  there  was 
insufficient  data  (mainly  continuously  variable  characters) 
in  Che  two  previous  studies  were  included  here.  Ihe 
characters  selected  include  those  Chat  traditionally  have 
been  used  to  diagnose  each  species.  laxa  (species)  used  in 
this  analysis  are  diagnosable  or  phensCically  cohesive  units 
(clusters  of  populations)  deCemined  from  field  observations 

Twenty-four  characters  (Table  e.7)  and  six  taxa  (Table 
6.8)  were  used  in  the  cladistio  analysis  of  Metroxylon 
section  Coelococcus.  The  hypothesited  pleieiomorphic  and 
aponorphic  character  etaces  for  each  of  the  taxa  are  based 
upon  selection  of  Metroxylon  section  Metroxylo/i  as  an 
outgroup.  The  character  state  found  in  section  Hetroxylon 
has  been  coded  as  (0)  and  the  aponorphic  states  have  been 


clog  of 


implied.  Characcei 


riable 


section  Metroxylon  were  clarified  using  KorWalsla  and 
Bageissona  aa  the  second  and  third  outgroups,  respectively. 

The  characters,  androeclura  length,  petal  and  sepal 
size,  and  flower  diameter  were  measured  separately  for 
staiiinate  and  hermaphroditic  flowers,  but  study  of  their 

the  gynoecium  in  the  staminate  and  in  the  hermaphroditic 
flowers  was  considerably  different.  Therefore,  the  floral 

hermaphroditic  flowers  except  for  the  gynoecium  character, 
which  comes  only  from  hermaphroditic  flowers. 

1-Stem  origin  condition:  Palms  have  the  ability  to 
produce  progeny  via  suckering  of  new  Individuals  asexually 
from  the  trunks  of  more  mature  individuals.  Beccari  (19181 
used  this  characteristic  as  the  basis  of  his  division  of 

those  that  do  not.  This  characteristic  has  not  been 
observed  directly  on  any  herbarium  sheet,  although  it  is 
frequently  referred  to  in  the  collectors  notes.  In  the 
field,  this  character  provides  a relatively  dramatic 
difference.  Trees  that  sucker  are  frequently  surrounded  by 

adult.  These  trees  tend  to  be  in  fairly  dense  patches  with 


little  else  growing  undei 
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may  be  found  in  groups  but  ate  commonly  found  in  stands  of 
trees  of  about  the  same  age-class.  Occasionally  patches  of 

dead/dying  adult  which  has  recently  produced  fruit  or  Che 
decaying  log  of  that  adult  in  the  immediate  vicinity.  On 
the  island  of  Viti  Levu,  Fiji,  Dylan  Fuller  (personal 
coranunicacion)  has  noted  large  stands  of  non-clustering 
individuals  (of  M.  vitiensel  which  are  apparently  propagated 
by  fruits  which  have  been  transported  from  the  parent  by 
water,  These  fruits  may  have  traveled  down  a stream  (as  I 
have  also  noted  in  Fiji)  or  may  have  simply  floated  around 
in  the  swamp  until  they  became  lodged,  water  levels  dropped, 
or  they  simply  sank.  In  any  case,  the  non-clustering  palms 
are  chose  individuals  that  are  propagated  only  by  fruits 
whereas  Che  clustering  palms  may  propagate  via  fruits  or 
asexually  through  suckeiing. 

2-3-Sheach  spine  length  and  condition:  The  leaf 

found  singly,  in  clusters,  combs,  or  combs  with  cellars. 
Additionally,  some  leaves  may  be  found  with  only  collars 
present  and  no  accompanying  spines  or  combs.  The  spines  may 
be  of  varying  lengths,  sharp  (ridgedi,  soft  and  hair-like, 
or  flattened  into  papery  strips.  Those  specimens  with 
spines  Chat  are  Chin  and  papery  are  considered  to  have 
"true"  spines  as  opposed  to  "flattened"  spines.  Specimens 
with  true  spines  in  combs  or  clusters 


may  be  divided 
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Figure  5.3.  Leaflet  width  {mid-lamina]  for  the  species  of 
Metroxylon  sections  Coeloeoccus  and  Metrox/lon. 
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Figure  5.4.  Leaflet  length  {mid-lamina)  for  the  species  of 
MetroKylon  sections  Coelococcus  and  MeCrox/Ion. 
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Figure  5.5,  Longest  lateral  rachlila  length  for  the  species 
of  Metroxylon  sections  Coeloooccus  and  Metroxylon. 
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those  that  have  spines  of  similar  site  (roughly  eeen  in 
length)  and  those  that  have  one  or  two  spines  that  are  mu 

(uneven  in  length). 

4-Leaflet  width  (mid-lamina):  Leaflet  width  was  detemin 

by  measuring  the  widest  point  of  the  leaflets  found  at  mi 

this  measurement,  ta):en  in  the  basal  third  of  the  leaflet- 
did  not  differ  significantly  from  those  ta)cen  at  the 
nddpoint.  Therefore  this  measurement  was  also  taken  from 
herbarium  collections,  even  if  they  did  not  have  the  full 
length  of  the  leaflet  present . The  phenetic  ranges  of 
widths  of  leaflets  measured  for  each  species  are  recorded 
Figure  S.3. 

S-7-Leaflet  length  (mid-lamina):  Leaflet  length  was 


cases  the  tips  had  been  damaged,  thus  introducing  some 
uncertainty  as  to  precise  length.  Fortunately,  many 
collectors  have  recorded  either  leaf  width  (which  is  alwa 
ea.  twice  the  length  of  the  leaflets,  plus  2-6  cm  as  the 
width  of  the  rachisl  or  the  mid-leaflet  length.  The 
phenetic  ranges  of  lengths  of  leaflets  measured  for  each 
species  are  recorded  in  Figure  5.4. 

8-Leaflet  main  vein  armature:  Armature  characters  ha 
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been  used  by  Beccari  (1914,  1918)  to  define  various  species. 
RaowerdlnJc  (1986)  largely  rejected  armature  characters 

populations  and  even  within  individuals  (at  different  ages). 
But,  inexplicably  Baowerdln}t  defined  three  subgroups  of 
section  Mecroaylon  using  spinescence  characters.  I have 
recorded  spinescence  for  many  different  points  on  the  trees 
hut  have  generally  found  this  character  (as  Bauwerdinh 
noted)  to  be  highly  variable.  However,  spinescence  of  the 
midvein  of  leaflets  seemed  to  be  consistently  divisible  into 
two  states  and  showed  only  little  infrataxon  variation.  It 
was,  therefore,  included  in  the  analysis. 

9- Leaflet  insertions:  Leaflets  in  Metcoxylon  are 
generally  regularly  inserted,  but  on  some  leaves,  the  basal 
leaflets  or  the  mid-lamina  leaflets  may  be  either  grouped 
(or  fanned)  rather  than  being  regularly  arranged.  The 
grouping  or  fanning  of  leaflets  has  been  found  consistently 
to  occur  in  certain  populations  of  Metroxylon. 

10- Leaflet  margin  armature:  The  presence  of  any  number 
of  spines  along  the  margin  of  the  leaflets  is  considered  to 
be  "armed."  In  some  specimens,  many  long  (2  to  6 mm  long) 

mm  spines  may  be  found  near  the  tips  of  Che  leaflets. 
Leaflets  that  were  determined  to  he  unarmed  have  no  spines 

11- lnflorescence  hapaxanthic  or  plBOnanthic:  MeCroxylon 
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trees  with  terminal,  aggregateii  suprafoliar,  infloxeacences 
are  categorired  as  hapaxanthie.  Trees  that  produce  multiple 
axillary  inflorescences,  which  do  not  result  in  the  death  of 
the  tree  are  termed  pleonanthic. 

12-Secondary  branch  bract  armature:  The  presence  of  few 
to  many  spines  on  the  inflorescence  bracts,  which 
immediately  subtend  the  rachilla  prophyll  bracts,  and/or  on 

without  spines  tend  to  be  very  smooth  and  often  shiny.  The 
spines,  when  present,  are  in  tufts  or  combs,  but  collars 


13- Secondary  inflorescence  branch  attitude:  Secondary 
branches  were  noted  to  he  either  erect,  horizontal,  or 
pendulous.  Erect  branches  are  those  that  are  upwardly 
directed  along  their  entire  length.  Horizontal  branches  are 
generally  parallel  with  the  ground  or  loay  be  pendulous  at 
the  tips  with  an  arched  appearance  (erect  basally, 
horizontally  in  the  middle  and  pendulous  distally) . 

ground  over  most  of  their  length  (erect  basally,  but  rapidly 
becoming  downwardly  directed,  i.e.,  proximal  to  the 
midpoint. 

14- lateral  rachillale)  length:  The  length  of  the 
longest  lateral  rachilla  was  measured  from  each 


phenetlc  ranges  of  lengths 
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The  lateral  xachillae  near  the  base  of  each  Inflorescence 
branch  may  be  slightly  shorter  than  lateral  rachillae 

In  either  case,  there  is  a modest  gradient  between  one  end 
of  the  system  and  the  other.  The  terminal  rachillae  are 
quite  different.  Terminal  rachillae  nay  be  restigial  to 
about  the  same  length  as  the  lateral  rachillae,  or  they  may 
be  much  longer  than  the  laterals.  Terminal  rachillae  that 
are  longer  chan  the  laterals  appear  to  represent  a change  in 
the  maturation  sequence  of  the  inflorescence  branch. 
Inflorescences  are  coded  as  haring  rachillae  either  all  of 
similar  length  (excluding  those  terminal  rachillae  which  ate 
shorter  or  restigiall  or  as  haring  terminal  rachillae  twice 
as  long  (or  longer)  Chan  the  laterals. 

la-RoHS  of  floral  paits/rachilla:  The  rows  of  floral 

pairs  on  a rachilla,  if  seen  in  cross  section,  ate  either 
consistently  four  (in  a whorl  down  along  the  rachilla 
length)  or  are  rariable  from  four  to  seren.  The  rachillae 
Chat  hare  four  rows  of  floral  pairs  were  coded  as 
apomorphic,  while  chose  that  hare  are  rariable  hare  been 
coded  as  the  ancestral  condition.  Some  specimens  of  H. 
vltlense  and  M.  weebucgii  had  four  rows  with  an  occasional 
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Table  Elowa  ot  floral  pairs/rachilla  for  tlie  species  of 

Wetroxylon  sections  Coelococcus  and  Metroxylon. 


Figure  5.6.  Corolla  length  for  the  species  of  Metroxyion 
sections  Coelococcus  and  WeCroxylon. 
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Figure  5.7.  Rndioecium  length  for  the  species  of  Metroxylon 
sections  Coelococcus  and  Metroxylon. 


length  (an)  2 1 “T  5 ' 4 ' ' 7 ' ^ ^ 


M.  salomonense 
M.  paulcoxii 
M.  vitiense 
M.  wsrbargii 


sec.  Metroxylon 


416) 

4)5) 


indicates  the  number  of  floral  rows  found  in  each  specie  of 
section  Coelococaus. 

19- Corolla  length:  The  corolla  length  was  measured  by 
removing  the  calyx  and  measuring  from  the  base  to  tips  of 
the  petals.  Hermaphroditic  and  staminate  flowers  were  each 
measured,  and  no  differences  in  corolla  lengths  were  noted. 
The  data  was  analyzed  for  continuously  vaying  character  gaps 
in  Che  range  of  variation  and  a length  of  7 mm  (Fig.  5.6) 
was  used  to  divide  these  characters  into  two  semi -arbitrary 
states.  Although  four  of  the  species  are  seperated  by  the 
gap  at  1 mn,  two  species  (i.e.,  M.  wsrburgii  and  M. 
smicarum),  are  not  seperated  and  thus  have  been  coded  as 
variable  for  this  character. 

20- Androecium  length:  The  androecium  length  was 
measured  by  removing  the  calyx  and  corolla  and  measuring  the 
stamens  from  the  base  of  the  androeciai  Cube  to  the  tip  of 
the  anther.  Hermaphroditic  and  eCaminaCe  flowers  were  each 
examined,  and  no  differencee  in  androecium  lengths  were 
noted.  The  data  were  analyzed  for  gaps,  and  the  gap  at  4mm 
(Fig.  5.7)  was  used  to  divide  Che  character  into  two  states. 
Note  that  MeCroxylon  amlcarim  was  coded  as  having  the 
derived  condition  despite  observations  in  some  specimens 
with  shorter  anthers,  which  may  actually  represent  immature 
flowers . 

21- T:-Gynoecium  length:  The  gynoecium  length  was 
measured  by  removing  the  calyx,  corolla  and  androecium  and 
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measuring  the  gynoecium  from  the  point  of  attachment  of  the 
androectal  tube  to  the  tip  of  the  stigma.  Selection  of 
flowers  at  a comparable  state  of  maturation  is  a problem  of 
some  concern.  Flowers  that  hare  been  pollinated  and  in 
which  fertilization  and  growth  of  the  fruit  hare  begun  may 
be  difficult  to  differentiate  from  mature  yet  unfertilized 
pistils.  Likewise,  immature  gynoecia  could  also  have  been 
measured.  Each  of  these  situations  could  lead  to  a skewing 
of  the  data.  Gynoecia  were  selected  from  flowers  that  had 
mature  androecia,  but  which  appeared  to  have  only  just 
opened  or  had  not  yet  opened.  This  selection  favors 
immature  piatils  over  immature  fruit  as  the  possible  bias. 
Gaps  in  the  data  set  were  identified  at  9 mm  and  4 mm  In 
length.  Species  with  a range  of  lengths  extending  across 
these  gaps  were  scored  as  variable  (Fig.  5.3). 

23- Mature  fruit  shape:  The  fruits  of  Metroxylon  may 

appear  to  be  rounded  {globose),  ovoid  or  obovoid,  ox 
obpyriform.  In  order  to  quantify  these  states  a ratio  of 
height  to  width  was  used.  Gaps  in  the  ratio  were  used  to 
separate  the  rounded  and  ovoid  states  from  the  obpyriform 
states.  More  refined  state  divisions  were  not  found  to  be 

24- 25-Fruic  diameter:  The  diameter  was  measured  at  the 
widest  point  of  each  fruit.  Gaps  in  the  resulting  data  were 
identified  at  3.5  cm  and  6 cm  in  width  (Fig,  5.9) . 

26-Fruit  vertical  scale  count:  The  number  of  scale 
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Figure  5.8.  Gynoeciuin  length  for  the  species  of  MeCroxylon 
sections  CeJococcus  and  Metroxylon. 


Figure  5.9.  Fruit  diameter  for  Che  species  of  Hetroxylon 
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Figure  5.10,  Vertical  scale  count  for  Che  species  of 
Metro.xylon  sections  Coelococcus  and  Metroxylon. 
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zows  was  counted  fox  each  fruit  observed.  The  number  does 
not  appear  to  change  dramatically  from  juvenile  fruits  to 

gap  in  the  scale  count  was  identified  at  20  scales  per  fruit 
(Fig.  5.10) . 

Characters  reviewed  but  not  used 

Many  characters  where  scored  for  the  species  of 
Metroxylon  sections  Coelococcus  and  Metrcusylon  that  could 
not  be  used  in  this  cladtstic  analysis  and  did  not  prove 
useful  in  the  determination  of  the  species.  Many  of  these 
characters  were  continuously  variable  and  could  not  be 
divided  Into  nonarbitrary  states,  or  had  too  much 
intra-specific  variation  and  not  enough  inter-specific 
variation.  Two  examples  of  such  characters  are  illustrated 
in  figures  5.11  and  5.12. 

Frequently  the  greatest  variation  In  character  states 
is  found  within  Meteoxylon  section  Metroxylon.  Fixation  of 
characters  appears  to  have  occurred  within  the  species  of 
section  Coelococcus,  but,  since  the  variable  section 
Uetroxylon  is  used  as  the  outgroup,  it  is  sometimes 
difficult  to  polarize  the  characters  or  delimit  states. 
Further  study  of  section  Metsoxylon  clearly  is  needed  and 
division  of  this  group  into  species  each  with  a defined 

problem. 

Additionally,  several  leaflet  characters  were  observed 


Figure  5.11.  t^uinber  of  empty  rachille  bracts  for  the  speciea 
of  MeCroxylon  sections  Coelococcus  and  Metroxylon. 
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Figure  5.12.  Calyx  length  for  the  species  of  Mecroxylon 
sections  Coelococcus  and  Metroxylon. 
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t 12  cm  wide  (01,  > 12  cm  w 


6 cm  (0),  >16  cm  ( 


(1) 


17,  Rachillae  all  aljailar  in  length  (0)/  terminal  rachilla 
2X  aa  long  as  lateral  rachilla  (1) 

10.  Rowe  of  floral  paire/rachilla,  variable  4-7  (0}, 

19.  Corolla  length  <7  mm  (0),  a7  mm  long  (1) 

20.  Androecium  length,  a4  mm  (ueually  1,5-2. 5 mm)  (0),  >4  mm 

(1) 

21.  Synoecium  length,  a3  mm  lOl,  >3  mm  ID 

22.  Gynoeeium  length,  <4  mm  (0),  a4  mm  (1) 

23.  Mature  fruit  shape  rounded  (heightrwidth  ratio  rl,2f 

(0),  pyriform  lheight:width  ratio  >1.2)  (ll 

24.  Fruit  diameter,  »3.2S  cm  (0),  >3.25  cm  |1) 

25.  Fruit  diameter,  <6  cm  (0),  a6  cm  (1) 

26.  Fruit  vertical  scale  count  a 20  (0),  >21  (1) 
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very  small  (1-4  specimens/species)  samples.  Characters 
which  possibly  will  prove  to  be  useful  in  future  studies 
include;  ratio  of  large  to  small  laminar  veins,  sire,  shape 
and  location  of  bundles  of  unlignified  subhypodermal  fibers, 
leaflet  thickness,  and  the  presence  or  absence  of  a 
subhypodermal  layer  of  darker  cells  containing  the 
unlignified  fiber  bundles.  The  ratio  of  large  Co  small 
veins  in  the  outgroup  (represented  by  H.  sagu)  is  1:7.  The 
pleisiomorphic  state  is  retained  in  M.  amicarum,  M. 
paalcoxii,  and  M.  wsrbvrgiit  but  a possible  apooiorphic 
condition  of  1:3  exists  in  salomonense  and  an  apparent 
random  ratio  or  loss  of  differentiation  between  large  and 
small  veins  exists  in  M.  vitlense.  Unlignified  bundles  vary 
in  size  with  the  outgroup,  /i.  paulcoxii  and  M.  vltisnse 
having  small  bundles  and  Che  remaining  species  having  small 
abaxial  bundles  and  enlarged  adaxial  bundles.  Enlarged 
adaxial  bundles  are  elongated  and  perpendicular  to  the 
lamina  surface  in  M.  amicarum,  elongated  and  parallel  Co  the 
lamina  surface  in  N.  warburgii  and  are  nonuniformly  shaped 
and  embedded  further  from  Che  hypodermis  in  >f.  saloaonense. 
Leaflet  thickness  varies  as  described  in  chapter  three,  with 
W.  saiomonense  being  thicker  than  the  outgroup,  and  W. 
paulcoxii  being  somewhat  thinner.  The  other  species  do  not 
vary  from  the  outgroup  condition.  All  of  Che  species  of 
section  Coelococeus  appear  to  have  a similar  differentiated 
layer  of  adaxial  mesophyll  (perhaps  palisade)  which  includes 
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the  non-lignified  fiber  bundles,  the  outgroup  does  not 
appear  to  have  this  differentiated  layer. 

The  characters  used  in  the  cladistic  analysis  of 
Metroxylon  section  Coelococcus  are  found  in  Table  5.10  and 
Che  character  states  for  each  species  are  recorded  in  Table 
S.ll. 

Results 

The  single  most  parsimonious  cladogran  resulting  from 
the  oladistic  analysis  of  Metrcotylon  section  Coeloaoccas  is 
shown  in  Figure  5.13.  The  derived  states  of  characters,  1, 
2,  12,  B,  13,  24,  and  26  are  considered  synaponorphies  of 
section  Coelococcua  based  upon  Che  hypothesis  that 
KorChalsia  and  Eugeissona  are  more  distant  outgroups  to 
section  Hetroxylon  (see  previous  analysis).  Based  upon  this 
tree,  Metroxylon  section  Metroxylon  may  be  paraphyletic. 
Section  Coelococcus  is  a strongly  supported  clade  with  six 
synapomorphies . Metroxylon  section  Coelococcus  Is  divided 
into  two  clades,  each  supported  by  several  characters.  The 
first  of  these  includes  M.  salomonense  and  vitiense,  and 
is  supported  by  the  following  apomorphies:  "flattened” 
spines  present  upon  the  leaf  sheath/petiole,  leaflet  main 
veins  armed,  secondary  inflorescence  branches  pendulous,  and 
rachiliae  pendulous.  Uetroxyloo  vitiense  is  supported  only 
by  a single  very  homoplasious  feature,  but  as  will  be 
discussed  later,  may  have  an  additional  apomorphy,  i.e. 
brown  to  blaclc  sheath  spines  and  combs  (a  character  not 
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included  in  this  analysis  I . Metroxylon  aalomcnense  clearly 
ia  a cladospeciea  (Fig.  S.13  and  Table  3.12).  The 
positions  of  adaxial  fiber  bundles  away  from  the  epidermis 
is  probably  an  additional  character  supporting  the  species 
monophyly. 

The  second  clade  of  section  Coelococcus  consists  of 
three  species,  i.e.  «.  aoicarum,  M.  peulcoxii,  and  H. 
warburgii,  and  is  supported  by  synapomorphiea  of  usually 
unarmed  leaflet  main  veins,  at  least  sometimes  grouped 
leaflets,  corolla  length  greater  than  7 mm,  an  androecium 
length  greater  chan  4 mm,  and  obpyriform  fruits.  Mstro^ylon 
warburgii  and  M.  paulcoxil  then  form  a suhclade  baaed  upon  a 
synapomorphy  of  a lack  of  pubescence  on  the  rachillae  baaes- 
Metroxylon  amicarim  and  M,  paulcoxii  are  cledospecies,  while 
M.  warburgii  is  possibly  a metaapecies  (Fig.  5.13  a Table 
5.12).  A potential  apomorphy  for  this  species  is  the 
presence  of  subepldermal  fiber  bundles  elongated  parallel 
with  the  epidermis.  As  discussed  above,  this  character  was 
excluded  from  the  cladisitc  analysis.  The  monophyly  of  M. 
aaicarva  also  is  supported  by  the  large  elongated  fiber 
bundles,  while  that  of  M.  paulcoxii  is  supported  by  its  very 
thin  leaflets  (see  Fig.  3.3). 

Discussion 

The  autapomorphies  of  the  species  of  section 
Coelococcus  are  found  in  Table  5.12.  As  mentioned  above, 
the  monophyly  of  Metroxylon,  itself,  ia  not  well  supported. 
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and  all  of  the  traditional  characters  used  to  define  this 
genus  are  pleisionorphic . However,  the  genus  tentatively  is 
considered  to  be  monophyletic  based  on  its  nedifixed  anthers 
and  seeds  with  a sascotesta  (see  Fig.  5.2) . It  is 
noteworthy  that  nedifixed  anthers  occur  in  several  genera  of 
Calaitoldeae.  The  two  sections  of  Metzoxylon  are  also  linked 
by  the  presence  of  hair  lined  rachillae  bract  pica,  but  this 
feature  is  also  found  in  fCorthaisia.  Section  Metzoxylon  may 
be  non-inonophyleCic,  but  a very  short  gynoecium  and  a 
corolla  that  is  less  chan  1.5  times  as  long  as  the  calyx 
could  be  synapomcrphies . More  study  of  this  group  is 
necessary. 

In  contrast,  section  Coelococcus  clearly  is 
monophyleclc  and  Is  diagnosed  by  several  apomophic 
characters:  a solitary  habit,  even  length  sheath  spines, 
unarmed  inflorescence  secondary  bracts,  rows  of  four  floral 
pairs  per  rachilla,  fruit  diameter  greater  chan  3.25  cm,  and 
fruit  with  more  than  21  vertical  rows  of  scales.  Although 
Che  characters  traditionally  used  in  delimiting  the  species 
are  mainly  plesiomorphic,  all  but  one  are  hypothesized  to  be 
monophyletic  (Table  5.12).  Of  course,  the  traditional 
diagnostic  features  (although  plesiomorphic]  are  still  very 
useful  in  distinguishing  the  species  in  Che  field  or 
herbarium. 

Thus,  Che  commonly  recognized  species  of  section 
Coelococcus  (Beccari  1918)  are  supported.  Two  exceptions 
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figure  5.13.  Cledogran  of  Metroxylon  section  Coelacaccus.  (1 
tree,  length  26,  cl  0.96,  ri  0.88) r Characters  numbers 
and  placed  upon  the  cladogram  as  per  Table  S.lOi 
Onderlined  * Character  state  reversals. 
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are  the  understudied  species,  M.  boagdinvillieiise,  and  the 
iirmature  fruit  specimens  of  M.  upoluense,  which  Beccari 
described  in  1918.  specimens  of  H.  boupaineilliense  could 
not  he  distinguished  from  those  of  H.  3AloBonen$e,  and 
therefore,  it  is  not  recognized  here.  The  specimen  of 
upoluense  does  not  contain  enough  morphological  information 
to  identify  the  specimen  as  a particular  species  although  it 
is  apparent  that  this  name  pertains  to  either  H.  varburgii 
or  H.  paulcoxii  [see  discussion  of  this  ambiguous  name  in 
chapter  six  under  M.  paulcoxii). 

Beccari  (1916)  also  recognized  three  subspecies  of  M. 
amicarom  (based  upon  fruit  size) . Continuous  variation  was 
observed  in  the  fruit  size  in  this  species,  so  these 
varieties  are  not  recognized  here. 

Table  5.12  presents  the  species  of  Metroxyloo  section 
Coelococcus  recognized  in  this  study  along  with  their 
aporoorphic  characters  as  derived  from  Figure  5.13. 
Apomorphies  for  Mecroxylon  and  its  two  sections  are  also 
included.  No  changes  to  generic  or  sectional 
circumscriptions  are  required,  but  evolutionary 
relationships  within  section  Coelococcus  are  clarified,  and 
specific  circumscriptions  (chapter  4)  are  reinforced. 

(3ENESAL  DISCUSSION  OF  THE  RESULTS  OF  ALL  THREE  ANALYSES 
The  three  studies  presented  above  provide  the  first 
morphological  cladistic  analyses  of  the  Calamoideae,  the 


124 

MetroKylinsef  and  Wecroj^ylnn  section  Coeiococcus.  The 
studies  of  the  CeXesoideae  and  Metroxylinae  are  preliminary 
in  nature,  while  the  study  of  Metroxylon  section 
Coelococcus,  is  detailed  and  supports  the  classification  of 
the  group  proposed  herein  [chapter  six} . 

Problems  chat  were  difficult  to  overcome  at  all  levels 
of  this  study  were  largely  due  Co  the  insufficient  number  of 
good  palm  collections  available.  Even  the  analysis  of  Che 
species  of  Metroxylon  section  Coelococcus  was  hampered  by 
limited  numbers  of  specimens,  Even  when  numerous  specimens 
have  been  obtained,  typically  they  are  incomplete.  Certain 
features  that,  on  Che  basis  of  field  observations,  are 
considered  to  be  good  sources  of  characters,  are  almost 
totally  unrepresented  in  previous  herbarium  collections. 
Examples  Include:  roots  of  each  taxon  (useful  in  determining 
the  presence  or  absence  of  root  spines),  leaf  sheath  bases 
(useful  in  determining  spinescence  characters  and  diameters 
or  stems),  and  peduncles  (useful  in  determining  spinescence, 
number  of  bracts,  and  diameter  of  peduncles).  Of  course, 
this  Is  a common  problem  In  the  Arecaceae. 

The  analysis  of  the  Metroxyllnae  is  heavily  dependent 
upon  Che  accuracy  of  Che  study  of  the  Calamoideae. 

Homoplasy  is  very  apparent  in  the  analysis  of  Calamoideae 
and  MeCroxyllnae,  and  is  Che  source  of  numerous  ambiguities 
in  phylogenetic  placement.  The  critical  character  in  the 
cladistie  analysis  of  MeCroxyllnae,  which  links  the  sections 


Heccoxylonj  is  Che  presence  of  loedifixed  anthers. 


is  not  an  unusual  character  in  Che  Calanoicieae.  Six  ocher 
genera  scattered  through  the  Calaaoideee  have  medifixed 
anthers.  The  only  character  of  limited  distribution  that 
oonaistently  links  both  sections  of  Metroxylon,  i.e.,  the 
presence  of  hair  lined  rachilla  bract  pitS/  also  links 
Metroxylon  to  kbrChalsia.  Based  upon  these  studies  it  is 
possible  chat  KorChaisia  is  a very  highly  modified  genus 
phylogenetically  emerging  from  within  section  Metroxylon  or 
between  section  Metroxylon  and  section  Coelococcus.  In  any 
casSf  if  the  hair-lined  rachilla  bract  pit  character  is 
phylogenetically  useful,  then  the  traditional  taxonomy  of 
the  Metroxylinae  is  supported.  Additionally,  the  higher 
level  clade  that  also  includes  Eugeissona  and  Metroxylon 
appears  consistently  in  the  phylogenetic  analysis.  Because 
of  these  two  generic  relationships,  Che  subtribe 
MeCroxyllnae  has  been  modified  to  include  all  three  genera. 

Examination  of  Che  characters  supporting  the 
Metroxylinae  sensu  laco,  i.e.,  Metroxylon,  KSrthalsia,  and 
Suffeiosone,  indicates  that  Korthalsie  possesses  in 
unmodified  form  only  one  of  Che  group's  apomorphies  (showing 
reversals  for  the  other  characters).  That  single  character 
is  Che  presence  of  hermaphroditic  flowers.  Hermaphroditic 
flowers  also  are  found  in  iaccosperma  and  Sremospacha,  with 
most  other  genera  having  pistillate  flowers  with  staminodes. 
Parsimony  analyses  suggests  that  pistillate  flowers  have 


given  riee  to  these  hermaphroditic  flowers,  a problematic 
hypothesis.  Perhaps  more  likely,  although  not  supported  by 
this  study,  Is  an  ancestral  condition  of  hermaphroditic 
flowers,  which  have  been  lost  in  most  lineages  of 
CalAmoidea^  (including  Raphlat,  but  retained  in  lineages 


such  as  Metronylon,  Korthalsia^  and  Sageissona  ~ This  is  a 
position  supported  by  Tomlinson  and  Moore  (19S8),  Moore 
(19691,  and  Dransfield  (1910),  who  identified  hermaphroditic 
flowers  and  monoearpy  as  primitive  conditions  in 
Calamoideae.  Assuming  that  this  is  the  case,  then  the 
hermaphroditic  flowers  found  in  Metrcutylon,  KOrChalisia,  and 
£ugeissona  are  merely  sympleaiomorphies  and  therefore  of 
little  diagnostic  value.  Selection  of  Wypa  as  Che  outgroup 
may  be  faulty  in  this  regard.  Additionally,  if  the  hair- 
lined  rachilla  bract  pits  are  excluded  as  homeoplasloue, 
there  is  no  apparent  connection  between  HetroKylon  and 
tiorthaisia , 


In  contrast,  there  are  consistent  characters  which  do 
link  Metroxylon  with  Eugeissona,  i.e.,  flower  dyads  of 
hermaphrodite  and  staminate,  grouped  leaflet  insertions,  and 
dry  fibrous  mesooarps.  The  first  character  is  descriptively 
sisiilar.  Upon  observation  of  each  flower  "dyad"  it  is  found 
that  Metroxylon  has  obvious  dyads  and  Eugeissona  has  dyads 
which  mature  at  differing  times.  Sugeissona* e dyads, 
deceptively  appear  to  be  monads  of  hermaphrodite  or 
staminate  flowers  (Dransfield  1970).  These  two  conditions. 


although  coding  as  the  same,  could  very  easily  be  non- 
homologous.  The  other  two  characters,  i.e.,  leaflet 
insertions  and  fruit  mesocarp  condition,  could  easily  be 
homoplaaious  similarities  in  these  palms.  They  are  not 
clearly  fixed,  particularly  in  Metroxylon,  where  the  leaves 
occasionally  show  the  pleisiomorphic  condition  for  each 
character . 

Both  and  Korthalsia  have  many  specialized 

characters  that  may  obscure  their  phlogenetlo  relationships 
with  MeCroxylon  or  other  taxa  in  the  Calamoideae.  DMA 
studies,  which  are  presently  being  undertaken,  may  clarify 
relationships  amongst  the  basal  Calamoideae. 

The  monophyly  of  the  genus  Metroxylon  may  receive 
additional  support  from  a character  that  here  has  only  been 
indirectly  studied,  i.e.,  seed  shape.  The  seeds  of  all 
species  of  Metroxylon  are  similar  in  shape  and  pit  formation 
although  they  vary  in  diameter  and  height. 

Metroxylon  salomonense,  M.  amicsrum,  and  M.  paulcoxii 
are  cladospecies,  having  numerous  apomorphic  characters  that 
support  their  monophyly.  Metroxylon  vitiense  also  probably 
is  monophyletic,  but  M.  warhurgii  likely  is  a metaspecies, 
having  no  unique  apomorphic  characters.  All  of  these 
species  are  valid  from  a phenetic  or  diagnostic  standpoint, 
each  having  a suite  of  morphological  characters  that 
consistently  differentiate  it  from  its  relatives. 


CHAPTER  6 

TAX0N»1IC  TEIEATMENT 


Videnskahera  Selskaba  Skrifter  2:527.  1783,  nom.  cona., 
Taxon  11:165.  1962,  Sagus  Stack,  Dlaaeitatlo 
Inauguralia  Medlca  De  Sagu,  21.  1757.  Coeloeoecus  H. 
Rendland,  Bonplandia  9:260.  1861.  TYPE  SPECIES: 
Metroxylon  $aga  Rottb. 


Kodaxate  to  large,  5-33  n tall,  solitary  ox  clustering 
(ceaplcoael,  monocarplc,  hapaxanthic  or  rarely  pleonanthic, 
polygamous  trees.  Stem  erect,  16-60  cm  in  diameter,  non- 
branching, the  stem  frequently  surrounded  by  deteriorating, 
partially  attached  leaf-sheaths,  lower  internodes  frequently 
with  suckers  and/or  sharp  to  blunted  adventitious  roots; 
cortex  firm  to  hard  with  very  large  vascular  bundles,  the 
pith  starchy  with  much  smaller  vascular  bundles,  firm  until 
just  prior  to  flowering,  then  becoming  soft  and  somewhat 
pulpy.  Leaves  moderate  to  large,  pinnate,  sheathing  leaf 
base,  0.4-1, 9 ra  long,  frequently  splitting  opposite  the 
petiole  near  suture,  the  thick  base  filled  with  uneven  rows 
of  very  large  vascular  bundles/fiber  bundles,  occasionally 
covered  with  white  to  light  brown  indumentum,  unarmed  or 
armed  with  single  to  multiple  spines,  1-46  cm  long. 
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occurring  as  clusters,  combs,  or  upon  collars  of  short 
lateral  eascular  bundles  uniting  spines  at  their  bases,  the 
spines  green  to  yellow  or  black;  petiole  0.33-7  m long, 
unarmed  or  armed  like  the  sheath  or  less  so,  sometimes  with 
wide  thin  and  papery  flattened  spines  up  to  30-CO  cm  long 
and  1-2  cm  wide,  deeply  inraginated  adaxially  continuing 
from  the  sheath,  becoming  much  less  so  distally,  the  margin 
smooth  to  fibrous,  shredding;  petiolar  fibers  and  bundles 
proximally  spread  widely,  becoming  concentrated  distally 
toward  the  rounded  abaxial  surface;  rachis  2.3-7.?  m long, 
unarmed  or  armed  like  the  petiole  or  much  lese  eo, 
particularly  in  leaves  emerging  higher  on  the  stem,  the 
surface  often  adorned  with  transverse  spineless  combs, 
proximally  invaginated  adaxlally  then  becoming  smooth  to 
angled,  abaxially  becoming  more  rounded  distally;  leaflet 
number  proportional  to  leaf  length,  usually  160-340; 
leaflets  regularly  arranged  to  grouped,  particularly  near 
the  base  and  raid-rachis,  72-203  cm  long,  4-17.0  cm  wide, 
single-fold,  plicate  reduplicate;  lamina  linear,  stiff  to 
drooping,  acute  to  shredding  distally,  with  a sihgle  large, 
hard,  sometimes  yellow  midrib,  frequently  glossy  green  above 
and  dull-pale  green  below,  very  rarely  bearing  powdery  white 
wax  on  abaxial  surface,  unarmed  or  armed  with  short  spines, 
1-29  mm  long,  along  the  margins  and  main  vein,  the 
transverse  veins  usually  conspicuous  abaxially,  less  so 
adaxlally.  Inflorescences  branching  to  Che  second  order. 


either  interfoliar  (in  pleonanthic  species)  or  aggregated 
into  a aoprafoliar  1,5-5  m tall,  compound  inflorescence, 
with  10-36  branches,  each  equivalent  to  axillary 
inflorescences,  and  subtended  by  a reduced  leaf  or  bract  and 
sometimes  splitting  Che  leaf  or  bract  in  half  as  Che 
inflorescence  peduncle  increases  in  girth  (in  monocarplc 
species);  peduncles  up  to  60  cm  long  and  3-3  cm  wide; 
prophyll  bract  tubular,  tightly  sheathing,  occasionally 
partially  splitting,  2-)ceeled,  2-lobed,  occasionally  arroed 
with  short  spines;  peduncular  bracts  1-10,  tubular, 
distichous,  tightly  sheathing  to  occasionally  deciduous, 
occasionally  armed  with  short  spines;  rachis  usually  much 
longer  than  peduncle,  except  in  some  specimens  with 
pleonanthic  development;  rachis  bracts  tubular,  distichous, 
tightly  sheathing,  occasionally  armed  with  short  spines, 
first-order  branches  erect,  horizontal  or  pendulous,  3.25-99 
cm  long,  each  with  a basal  tubular,  2-)(eeled,  2-lobed  er^ty 
prophyll  bract,  first-order  branch  bracts,  tubular, 
distichous,  tightly  sheathing,  occasionally  armed  with  short 
spines,  all  but  the  proximal  few  bracts  subtending  an  erect, 
horizontal  or  pendulous  tachllla,  with  2-17  raohillae  per 
first  order  branch;  rachillae  cylindrical,  6-15  mm  wide, 
5.5-33  cm  long,  bearing  ca.  200-900  flowers,  with  a short 
proximal,  glabrous  to  densely  brown  pubescent,  stalk-li)ie 
portion,  and  a dense  spiral  of  imbricate,  broadly  apicuate 
striate  bracts,  a few  to  many  empty  proximally 


rounded, 
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and  none  Co  many  empty  diatally,  each  of  the  rest  enclosing 
a dyad  of  similar^sired  staminate  and  hermaphroditic 
flowers,  in  bud  often  partially  to  totally  obscured  by  dense 
hairs  arising  from  the  Inner,  abaxial  surface  of  each  floral 
prophyll  (bracteolel;  floral  prophylla  spirally  arranged  in 
4 rows,  tubular,  2-beeled,  2-lobed,  usually  bearing  dense 
hairs  abaxially,  Che  Inner  prophyll  (bracteolel  similar,  2- 
keeled,  but  not  tubular,  scaminace  flowers  1.5-4  mm  wide, 
opening  before  or  concurrent  with  the  hermaphroditic  flower; 
calyx  Z-f  mm  long,  tubular,  3-lobed,  with  three,  connate, 
woody  to  basally  fragile,  ^alvate  to  slightly  Imbricate 
sepals;  corolla  2.5-11  mm  long,  tubular,  rounded  to  3-lobed, 
with  3 (rarely  4)  woody,  saleate  (rarely  imbricate), 
triangular-tipped,  thickened  petals;  corolla  slightly  longer 
than  calyx  to  more  than  twice  as  long;  stamens  6,  2-6  mm 
long,  borne  on  the  base  of  the  corolla,  the  filaments 
fleshy,  abruptly  contracted  and  reflexed  in  bod,  separate, 
or  united  at  Che  base  to  form  an  androecial  tube;  anthers 
medifixed,  oblong,  with  latrorse  dehiscence;  pollen 
elliptic,  disulcate,  with  a scabrace,  foyeolate,  or  eoarsely 
reticulate,  tectate  axine;  piatillode  commonly  present,  1-3 
mm  long,  conical  with  or  without  a basal  ring  of  eery  minute 
reflexed  scales . Hermaphroditic  flowers  1.5-4  mm  in 
diameter,  opening  later  chan  or  concurrent  with  the 
staminate  flowers;  calyx  2-6  mm  long,  tubular,  3-lobed,  with 
3 woody  to  basally  fragile,  yaleate  to  slightly  imbricate 
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sepals;  corolla  2.5-11  imd  long,  cubular,  rounded  to  3-lobed, 
with  3 (rarely  4),  connate,  woody,  valvate  (rarely 
ijribricate) , triangular-tipped,  thickened  petals;  corolla 
slightly  longer  chan  calyx  to  more  than  twice  as  long; 
stamens  6,  l.S-8  mm  long,  home  on  the  base  of  Che  corolla, 
Che  filaments  fleshy,  united  at  the  base  Co  form  an 
androecial  tube  surrounding  the  gynoeclvan,  abruptly 
contracCed  and  reflexed  in  bud,  the  anthers  medifixed, 
oblong,  with  latrorae  dehiscence;  pollen  as  in  the  ataminate 
flower;  gynoeoium  1.5-3  mm  long,  cricarpellate,  trioTulace, 
rounded,  covered  basally  Co  mid-height  in  vertical 
alternating  rows  of  minute  reflexed  scales,  and  bearing  a 
conical  to  slightly  pyramidal  style  with  3 atimatic  angles, 
the  ovules  basally  attached,  anacropoua.  Berries  (or  Chin- 
pitted  drupes)  globose,  ovoid  or  obpyriform,  1.5-B.3  cm 
wide,  2.3-10.6  cm  long,  1-aeeded,  with  emergent  to  sunken 
apical  stigmaCic  remains;  epicarp  covered  in  7-40,  regular 
ordered,  alternating  vertical  rows  of  green  to  golden 
yellow,  to  dark  brown,  to  grey-margined,  reflexed  scales, 
with  mid-fruit  scales  4-19  hot  long;  mesocarp  <1-12  mm  thick, 
fibrous,  corky  or  spongy;  endocarp  very  Chin  or  not 
differentiated.  Seed  globose,  1.8-6. 2 cm  wide,  basally 
attached,  deeply  invaginated  apically,  up  Co  3 cm  deep,  with 
a thin  to  thick  sarcotesta;  endosperm  homogeneous  (ivory 
white  to  light  green);  embryo  large,  basal.  Germination 
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adjacenc-llgular;  eophyll  bifid  or  pinnace.  Chronosomes 
n-16  [M.  sagut  . 

Key  to  the  sections  of  rtetroxylon. 

1.  Stems  clustering  Iceapitose),  producing  suckers;  fruit 
Gorered  with  fewer  than  20  longitudinal  secies  of 

scales section  XeCroxylon. 

1.  Stems  solitary,  not  producing  suckers;  fruit  covered  with 

more  chan  20  longitudinal  secies  of  scales 

section  Coelococcus. 

MBtroxylon  section  Coeloooocus  (H.  Wendland)  Beccari, 

Asiatic  Palms-lepidocaryeae,  The  Species  of  the  Geneta- 
Ann.  Boy.  BoC.  Gard.,  Calc.,  12(2) :156,  162.  1918. 
Coelococcus  H.  Bendland,  Bonplandia  9:260.  1861. 

TYPE  SPECIES;  C.  vitiansis  H.  Wendland  (Wetrcwylon 
wiciense  iH.  Wendland)  Bentham  i J.  D.  Hooker). 

Trees  strictly  solitary,  nonocarpic  and  hapaxanchic  or 
pleonanchic.  Sheathing  leaf  base  0.4*1. 2 m long;  petiole  1- 
■>  n long;  rachis  2. 3-7. 5 m long;  leaflets  5-17.8  cn  wide. 
Inflorescences  branching  to  second  order,  either  interfoliar 
in  pleonanchic  species  or  aggregated  into  a compound 
auprafoliar  structure,  1.5-4  m tall.  Calyx  2-7  mm  long; 
corolla  2,5-11  mm  long  with  3 (rarely  4)  woody,  valrate 
(rarely  imbricate) , triangular-tipped,  thickened  petals; 
corolla  slightly  longer  than  calyx  to  more  than  twice  as 


long  as  the  calyx;  stamens  3-€  mm  long;  pollen  elliptic, 
disulcate,  tectate  exine.  Hermaphroditic  flowers  siinilar  to 
staminate;  gynoecium  2-7  mm  long.  Berries  lor  thln-pltted 
drupes]  4. 1-6. 3 cm  wide,  4.9-10.6  cm  long;  epicarp  coTered 
in  23-33  rows  of  reflexed  scales,  with  mid-fruit  scales  9-19 
mm  long,  mesocarp  1-12  mm  thick.  Seed  globose,  3. 7-6. 2 cm 
in  diameter,  hasally  attached,  deeply  invaginated  apically, 
up  to  3-6.2  cm  deep.  Germination  adjacent  ligular;  eophyll 
pinnate.  Cytology  unknown. 

In  addition  to  the  characters  used  in  the  key  to 
distinguish  the  two  sections  of  Hetcoxylon,  four  other  sets 
of  characters  are  found  to  be  discriminating,  although  not 
exclusively.  Section  Coelococcus  contains  a pleonanthic 
species;  the  sire  ranges  of  several  vegetative  structures 
are  not  the  same  (see  descriptions  below);  section 
Coelococcus  also  contains  greater  variation  in  oalyx, 
corolla,  stamen,  and  gynoecium  length,  with  these  structures 
frequently  being  larger  than  those  of  section  Neteoxylon 
(see  descriptions  below);  the  fruits  of  section  Coelococcus 
ere  larger  and  have  a greater  variety  of  shapes. 

Keys  to  the  species  of  Metroxylon  section  Coelococcus . 

Key  employing  only  vegetative  characters, 

1.  Mid-rachis  leaflets  longer  than  150  cm  and  wider  than  12 


f.  salomonense. 
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1.  Mld-rachis  leaflets  shorter  than  150  cm 

2.  leaflet  insertions  all  regular 

2-  leaflet  Insertions,  at  least  some,  grouped 3. 

3.  leaflet  (from  leaves  below  1 meter  above  ground)  with 

margins  unarmed M.  amicarum. 

3.  leaflet  (from  leaves  below  1 meter  above  ground)  with 

margins  with  small  spines 4. 

4.  Mid-rachis  leaflets  longer  than  95  cm  long..W.  warburgii. 
4.  Mid-rachis  leaflets  shorter  than  95  cm  long.M.  paulcoxii. 


2. 


Key  employing  only  inflorescence  characters. 

1.  Trees  pleonanthlc M.  anicarua. 

1.  Trees  hapaxanthic 2- 

2.  Rachillae  mostly  erect  with  some  horizontal,  rachillae 

bases  glabrous M.  uacburgii. 

2.  Rachillae  pendulous,  horizontal,  or  only  some  erect. ...3. 

3.  Distal  rachillae  more  chan  twice  as  long  as  lateral 

rachillae,  rachillae  bases  glabrous H.  paalcoxii. 

3.  Distal  rachillae  less  than  twice  as  long  as  lateral 

rachillae 4 . 

4.  Rachillae  longer  than  16  cm M 

4.  Rachillae  shorter  chan  16  cm 


4.  selomonense. 


Key  ee^loying  both  vegetative  and  reproductive  characters. 

1.  rirst'Order  branches  horizontal  or  pendulous;  rachillae 
all  pendulous;  leaf  sheaths/petioles  sometiiiies  having 
flattened  papery  spines;  androecium  less  chan  4 sim  long 


1.  First-order  branches  at  erect,  at  least  some  rachillae 

erect;  leaf  sheaths/petioles  sometimes  having  flattened 
papery  spines;  androecium  greater  chan  4 nn  long 3. 

2.  Mid-rachis  leaflet  length  greater  than  145  cm;  leaflet 

width  greater  than  11  cm;  lateral  rachillae  longer  than 

16  cm N.  salcusonense. 

2.  Mid-rachis  leaflet  length  less  than  145  cm;  leaflet  width 
less  chan  11  cm;  lateral  rachillae  shorter  than  16  cm. . 


3.  Mid-rachis  leaflet  margins  unarmed;  inflorescence 

pleonanthic;  rachilla  base  pubescent;  mature  fruit 
shape  round/globose  or  pyriform M.  amicarum. 

3.  Mid-rachis  leaflet  margins  frequently  armored; 

inflorescence  hapaxanthic,  rachilla  base  glabrous; 
mature  fruit  shape  exclusively  pyriform 4, 

4.  Teminal(distal)  rachilla:  lateral  (proximal)  rachilla 

length  ratio  greater  chan  2:1;  some  (commonly  distal) 

rachillae  pendulous H.  paulcoxll. 

4.  Terminal(distal)  rachilla:  lateral  (proximal)  rachilla 
length  ratio  less  than  2:1;  rachillae  never  pendulous. 
uarburgii. 
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Metroxylon  amicanun  Wendland)  Baccarl,  Ann.  Royal  5ot. 
Gard.  calc.  12(£)il87.  1918.  Sagus  aaicartm  H. 
Wendland,  Bot.  Zeit.  36(81:115.  1873;  TYPE;  unknown 
locality.  Relchenbach  s.n.  1978  (Holotype:  B!). 

Mecroxylon  carolinense  (Dingier)  Beccari,  Denkachr.  K,  Akad. 
Hiaa.  M.  Nat.  Kl.  (Bechinger  ed.),  Hein,  84:60,  fig.  Sa 
( d.  1913.  coelococaue  csrollnensis  Dingier,  Bot. 
Eentr.  Bl.  32:349,  t.2.  1887.  TYPE:  CAROLINE  ISLANDS: 
Ponape,  Schneider  1327  (Holotype,  B!;  iaotypes,  B!). 

Metroxylon  amicarum  (H.  Wendland)  Beccari  ear.  majua 

Beccari,  Ann.  Royal  Bot.  Gard.  Calcutta  12(2):133. 

1918.  TYPE:  un)OTOwn  Iccality,  Gibbon  1189  (Holotype: 

Metroxylon  anicaruc  (H.  Wendland)  Beccari  var.  coautune 

Beccari,  Ann.  Royal  Bot.  Gard.  Calc.  12,  2:188.  1918. 
TYPE:  CAROLINE  ISLANDS;  Ponape,  Lederaann  13409 
(Holotype:  B (presumably  destroyed),  iaotype:  BISH!). 

Large  (6)12-33  m tall,  pleonanthic,  trees  (Fig.  6.5A). 
Stem  30-36  cm  in  diameter.  Leayea  4-7  m long;  sheathing  leaf 
base  unarmed  or  armed  with  single  to  multiple  spines, 
occurring  as  clusters,  or  combs  or  upon  collars,  spines  1- 
1.5  cm  long;  petiole  1-3  m long,  occationally  armed  with 
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spines  in  juveniles,  commonly  unarmed  In  adulce  but 
occasionally  with  collars;  rachis  unarmed;  leaflets  7.2-12 
cm  wide,  B7-127  cm  long,  regularly  arranged  to  grouped, 
usually  unarmed  on  the  margins  and  midvein,  occasionally 
armed  with  0.5-7  cm  long  spines  along  the  main  vein. 
Inflorescences  branching  to  second  order,  Interfollar; 
peduncle  0-5-1. 1 m long.  2. 8-5. 5 cm  in  diameter,  erect; 
peduncular  bracts  1-5,  unarmed;  rachis  bracts  unsrmed, 
first-order  branches  erect  ot  horizontal  with  up  to  6 
rachillae/first-order  branch;  rachillae  8-16  cm  long,  11-15 
mm  wide,  bearing  300-750  flowers,  cylindrical,  with  a short 
proximal,  bare  to  densely  brown  pubescent,  stalk-like 
portion,  and  2-8  empty  bracts  ptoxinally  and  0-2  empty 
bracts  distally,  the  rest  each  enclosing  a dyad  of  flowers; 
floral  prophylls  spirally  arranged  in  4-6  rows.  Staminate 
flowers  3 mm  in  diameter;  calyx  4-7  mn  long,  with  3 sepals; 
corolla  6-5  mm  long,  with  3 woody,  valvate  petals;  corolla 
more  than  twice  as  long  as  the  cslyx;  stamens  3-5  na  long; 
pollen  elliptic,  disulcate,  with  a scabrace,  foveolate,  or 
smooth,  tectate  exine.  Hermaphroditic  flowers  3 mm  in 
diameter;  calyx  14)6-7  mm  long,  tubular,  3-lobed,  with  3 
valvate,  woody  to  basally  sepals;  corolla  (6)7-11  mm  long, 
tidjular,  rounded  to  3-lobed,  with  3 woody,  valvate  petals; 
corolla  more  Chan  twice  as  long  as  the  calyx;  stamens  4-8  mm 
long;  pollen  with  a scabrate,  foveolate,  or  coarsely 
reticulate  exine;  gynoecium  2-7  mm  long.  Fruit  rounded, 
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(5.3)7,2-6.3(13)  cm  in  diameter,  5,6-13  cm  long;  epicarp 
covered  in  26-38(40)  rowe  of  golden  to  chocolate  hrown  and 
gre/  margined,  reflexed  ecalee,  with  mid-fruit  ecalea  7-14 
mm  long,  meeocarp  2-12  mm  thic)c,  fibrous,  cor)cy  or  spongy; 
endocarp  chin  if  present.  Seed  globose  or  occasionally 
obpyriform,  4. 2-5, 5 cm  in  diameter  invaginated  up  to  2,0 

Distribution)  Caroline  Islands  (Federated  States  of 
Micronesia,  states  of  Pohnpei  and  Chuuk  (Tru)<)),  Che 
Marshall  Islands,  and  formerly  in  Guam  and  Palau  (Fig.  6.1). 
(Although  specimens  collected  in  Guam  and  Palau  are 
available,  I could  not  locate  these  trees  on  those  islands 
and  native  foresters  indicated  that  thetrees  have  not  been 
present  for  at  least  20  years.) 

Common  names;  Ivory  nut  palm,  oahs  (Pohnpei),  rupang 
(Chuuk),  oj  (Marshall  Islands). 

Additional  specimens  examined:  CAAOLIKG  ISLANDS : Chuuk 
(Iruk),  Fefon,  east  side.  Mesa  village,  Fosberg  24522  (BH, 
BISK);  Chuuk  (Truk),  Kramer  2260  (B),  s.n,  (FI);  Chuuk, 

Weno,  McClatehev  1170  (BBY,  FTG) ; Chuuk,  Tenoas,  McClatchev 
1171  (BH,  FTG);  Chuuk,  Fefan,  McClatehev  1172  (BH,  BISH, 

BBY,  FTG);  Chuuk  (Truk),  Wong  244  (A,  BISH);  Truk,  Moen, 
Stemmermann  3111  (BISH);  Nukuaro  atoll  (Makakena),  growing 
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behind  village,  Foaberg  26236  (BH);  Palau,  Stemmermann  3362 


Kepineh,  65  m alt.,  McClatehev  1163  (BH,  BISH,  BRY,  PTG) ; 
Pohnpei,  Kitti,  Nandol  en  Pahnais,  180  m alt.,  McClatehev 
1164  (FTG);  Pohnpei,  Kolonia,  Nantehlelc,  McClatehev  1159 
(BRY,  FIS);  Pohnpei,  Kolonia,  McClatehev  1162  (FTG); 
Pohnpei,  Nett,  Nanpil,  McClatehev  1160  (FTG);  Ponape, 
Schneider  1328,1329  (B);  GUAM;  Merrill  257  (FI);  Nelson 
S.D.,  1914  (Al;  MftRSHAIL  ISLANDS:  St , John  6 Cowan  22170 


Cultivated  Material:  SINGAPORE:  Singapore  Botanical 
Gardens,  G.X. Furtado  28869  (A,  BH,  K) ; Singapore  Botanical 
Gardens,  Riah  (Laveno  No.l^),  1954  18H1;  Singapore 


origin:  loher  e.n..  1903  (K);  Lyon  s.n..  1907  (K). 


(B); 


Diecussion:  Although  this  species  ia  apparently  widely 
distributed  over  a number  of  small  islands,  very  few 
collections  exist.  The  palm  fruits  are  still  harvested  as  a 
source  of  vegetable  ivory  for  carvings  sold  to  tourists  and 
young  plants  are  sold  to  Japan  as  office  plants.  Available 
herbarium  materials  reflect  to  some  extent  this  tra 


usage  as  an  ornamental  and  as  a source  of  ivory,  i.e.,  many 
of  the  specimens  cited  axe  from  cultivated  ornamentals  or 
are  collections  of  one  or  more  fruits,  brought  to  Europe  as 
novelties.  Many  additional  collections  of  fruits  are 
available  at  B,  but  most  of  these  have  little  or  no 
collection  data  with  them.  FI  also  has  several  sets  of 
fruit  collections  that  were  used  by  Beccari  in  preparing  his 
manuscripts.  These  fruits  are  rather  extreme  in  size  and  do 
not  reflect  the  norms.  Fruits  observed  on  Pohnpei  and  in 
several  ialands  of  the  Chuuh  atoll  varied  widely  in  size  and 
shape  including  obpyriform  shaped  fruits  not  encountered  in 
previous  herbarium  specimens.  Beocari  (1218)  described  two 
varieties  based  upon  indigenous  classifications  of  differing 
leaf  sizes.  Beccari  Indicated  that  variation  in  leaf  size 
probably  formed  a continum,  and  he  was  correct.  Ledermsnn 
134D9  was  not  to  be  found  among  the  collections  at  B,  BM, 
FI,  or  K,  but  was  found  at  BISH.  It  seems  unlikely  that 
Wendland  or  Beccari  based  their  descriptions  upon  a 
collection  in  Hawai'i,  so  it  is  assumed  that  the  original 
type  has  been  lost  or  destroyed  and  that  the  collection  at 
BISH  represents  the  only  remaining  isotype. 

One  tree,  33  meters  tall  was  cut  down  (McClatehev  1163) 
and  examination  of  the  leaves  revealed  that  at  such  heights, 
they  are  greatly  reduced,  Che  leaflets  fragile  and  the 
petiole  vagina  extending  into  the  rachis  almost  to  the  tip 
of  Che  leaf.  The  overall  appearance  of  the  leaves  was  that 


of  the  fixst  few  bracte  subtending  an  inflorescence  of  M. 
varburgiL.  Perhaps  M.  amiearuia  merely  has  a very  extended 
hapaxanchic  inflorescence  persisting  due  Co  continuous 
growth  of  leaves  which  fail  to  reduce  to  bracts  as  the 
flowering  branches  are  produced.  Measurements  of  these 
reduced  leaves  are  not  included  in  the  description  above 
since  they  appear  to  be  part  of  a continuous  trend,  possibly 
ending  in  greatly  reduced  bracts. 

Of  Che  species  of  section  Coelococcus,  W.  amicarum  is 
the  most  phenetically  distinctive  and  is  easily 
circumscribed  due  to  its  pleonanthic  condition.  The  trees 
are  also  the  tallest,  reaching  33  m or  possibly  caller. 

Metroxylon  salomonense  (Warburg)  Beccari,  Den)cachr.  K.  A)cad. 
Wlss.  Math.  Kac.  Klasse,  Wien,  (Rechinger  ed.)  84:60, 
f.Sb,  e,  f,  i i 0.  1913.  Coelococcus  salononensis 
Warburg,  Ber.  D.  Bot.  Ges.  14:141,  t.lO.  1S96.  TYPE: 
SOLOlOW  I5LRHDS,  Warburg  s.n.  (Holotype:  B);  isocype: 
Fill  . 

Metroxylon  bougeinvlJJenae  Beccari,  Den)cschr.  K.  Akad.  Biss. 
Mach.  Wat.  Klasse,  Wien  (Rechinger  ed.)  04:61,  f,5c, 

Sq,  5h,  Sj.  1913.  TYPE:  PAPOA  NEW  GUINEA,  BOUGAINVILLE 
ISLAND,  Rechinger  4070  (Holotype:  FI!;  Isotype:  H). 

Eight  to  20  m tall,  hapaxanthic  trees  (Fig.  6.5B1. 

Stems  25-55  cm  wide.  Leaf  spines  green  to  yellow;  petiole 


long,  a^axially  unaxmed  oc  armed,  commonly 


wide.  Chin,  and  papery  flaccened  apinea  up  Co  S0-6D  cm  long 
and  1-2  cm  widei  rachia  2, 9-7,5  m long,  occasionally  Che 
abas^ial  surface  adorned  wich  cranscerse  spineless  combs; 
leafleca  160-340,  7-17. B cm  wide,  150-203  cm  long,  regularly 
arranged  Co  grouped,  parCicularly  near  Che  base  and  mid- 
rachls,  unarmed  or  armed  wich  6-10  mm  long  spines  along  the 
margins  and  midvein.  Inflorescences  branching  Co  second 
order  aggregaCed  into  a suprafoliar  3-4  m tall  structure, 
with  (13)20-36  erect  branches;  peduncle  3-7  cm  wide;  first- 
order  branches  pendulous,  bearing  4-9  rachillae/firsC-order 
branch;  rachillae  17-3B  cm  long,  7-12  mm  in  diameter, 
bearing  550-900  flowers,  3 to  many  empty  rachilla  bracts 
proximally  and  distally;  floral  prophylls  spirally  arranged 
in  4 rows.  Staminate  flowers  2. 5-3. 5 mm  in  diameter;  calyx 
4-5  mm  long,  wich  3 woody  to  basally  fragile,  valvate  to 
slightly  imbricate  sepals;  corolla  5-6  ram  long;  corolla 
slightly  longer  chan  calyx,  with  3 woody  valvate  petals; 
stamens  3-4  mm  long;  pollen  coarsely  reticulate. 
Hermaphroditic  flowers  2.5-3  mm  wide;  calyx  3-5  mm  long 
sepals  as  in  staminate;  corolla  6-7  mm  long,  petals  as  in 
staminate  flower;  corolla  slightly  longer;  stamens  3-4  mm 
long;  pollen  as  in  staminate;  gynoecium  2.5-3  mm  long. 

Fruit  rounded,  globular,  5.9-8  cm  in  diameter,  5.2-7  era 
long,  moderate  to  large  size,  1-aeeded,  with  emergent  to 
sunken  apical  stigmatic  remains;  epicarp  covered  in  25-38 
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regular  ordered  alternating  vertical  rowa  of  green  to  golden 
yellow,  soneciitea  tinged  with  red,  to  brown,  with  grey 
margined,  reflexed  ecalea,  with  mid-fruit  scales  11-19  mm 
long;  roesocarp  2-10  mm  thick,  fibrous,  corky  or  spongy; 
endocarp  not  differentiated.  Seed  globose,  3. 7-6, 2 cm  wide, 
invaginated  1.6-2. 5 cm  deep. 

Distribution;  Papua  New  Guinea  (Bougainville  Island), 
Solomon  Islands  (Fig.  6.2). 

Common  names:  ato  (Bougainville);  name  (Shortland 
Islands);  atava,  endeve,  )taraiiiava,  katuva,  karama,  katua, 
karmo,  nive  (Choiseul);  pina  (Vella  lavella);  atovo,  endeve, 
kinenda,  nggoe,  pina  (New  Georgia) ; nat  (Russell  Islands); 
kalovo  (Savosavo);  ato,  hapiri,  naota,  natho,  tete-na  (Santa 
Isabel);  ato  (Florida  Islands);  ato,  rao,  sao  (Guadalcanal); 
lao,  rao,  sao,  wanda  (Malaita);  ao  (San  Cristobal). 

Additional  specimens  examined:  PAPUA  NEW  GUINEA: 
Bougainville,  Karngu,  Buin,  Kalewski  23(}0  (B,  BISK,  GH); 
Bougainville,  Rauwetdink  22S9  (B);  Bougainville,  Schodde 
i013  & i013a  (A,  L).  SOLMiON  ISLANDS:  lever  s.n.,  1936  (K); 
Guadalcanal,  Kakabona,  at  sea-level,  MeClatehev,  Sirikolo,  t 
Tofu  11^  (BSIP,  FTG,  FLAS);  Guadalcanal:  Tanahoru,  growing 
50  m from  the  coast  in  a garden  next  to  a settlement, 
MeClatehev,  Sirikolo  s Tofu  1152  (FIG);  Guadalcanal, 


Tunaruhu,  growing  inland  above  the  Kataniko  river, 
WcClatchev,  Sitikolo,  i lofu  1153  (BSIP,  FTG,  FLAS) ; 
Guadalcanal,  Mbumburu,  along  ftove  creek,  McClatchey, 

Sirikolo  t tofu  1155,  (BSIP,  PTG);  Guadalcanal,  north  coaac, 
Honiara,  beside  Hatanikau  River,  Moore  9317  (BSIP  4091)  (6H, 
BSIP,  K);  Guadalcanal,  Tedder  s.n.,  5/74  (BSIP);  New 
Georgia,  Along  toad  between  Munda  and  Noro,  Zona  et  al.  651 
(FTG) ; Santa  Cruz  Group,  Vanikoro  ialand,  Peou,  swanpy 
ground  between  settlement  and  government  house,  Whit"*ore 
1818  (BSIP,  K) ; Santa  Ysabel,  Bogotu  peninaula,  on  right 
bank  of  Longuhutu  River,  entering  SE  corner  of  Tanegoba 
harbour,  Moore  6 Whitmore  9302  (BH,  BSIP) ; Western  Province, 
Kolombangara,  seaside  village  north  of  Haiaaloku  village, 
McClatchey,  Sirikolo,  Zona  t Tofu  1156  (FTG) . 

Discussion:  This  species  is  clearly  Che  most  variable 
of  section  Coelococcus.  Characters  that  consistently  stand 
out  on  herbarium  materials  are  the  very  long  rachillae  and 
rather  chin  inflorescence  branches,  which  bear  the 
rachillae.  The  leaves  sometimes  have  very  long  leaflets  and 
flattened,  papery  spines.  The  papery  spines,  though 
commonly  observed  in  the  field,  are  frequently  missing  in 
herbarium  collections.  Also,  some  specimens  of  M.  vitiense 
may  have  flattened,  papery  spines,  but  have  never  been  noted 
with  such  long  leaflets.  Beccari  divided  this  complex  into 
two  species,  M.  ssloaonense  and  M.  bougainvilliense,  based 
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localiciea  of  M.  saloaonense.  s - Other 
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upon  the  size  of  the  leaTea.  Obaereations  indicate  that 
leaf  aize  is  extiemely  variable  and  foms  a continuum  that 
is  greater  than  Beccari  waa  able  to  observe. 

Fruits  also  vary  somewhat  in  size.  The  seeds  do  not  appear 
to  mature  as  fast  as  the  carpels,  thus  fruits  which  are 
immature  have  smaller  seeds,  possibly  explaining  Beccarx's 
observations,  which  led  to  the  description  of 
bougsinviilianse  as  a smaller  seeded  species  related  to 
salomonense.  Part  of  the  variation  in  this  species  is 
libely  the  result  of  different  soil  types,  water  or  other 
growing  oonditions.  The  available  collections  do  not 
describe  fully  the  range  of  variation  found  in  Che 
populations  of  this  species.  On  the  island  of  Kolombangara, 
I observed  very  large  trees  growing  near  sea  level  In  alitost 
brackish  swamps.  Moving  inland  to  much  drier  conditions  at 
the  edges  of  cultivated  fields,  the  trees  became  much 
smaller  (at  the  extreme  lower  end  of  Che  size  range) . 

Further  inland  moderate  size  trees  were  encountered  growing 
on  well  watered  slopes  under  partial  forest  canopy.  These 
trees  were  all  within  1-2  Icilomecers  of  each  other  and 
probably  represent  a single  population  responding  to  a 
variety  of  ecological  conditions.  Field  etudiea  of 
Metroxylon  in  the  Solomon  Islands  and  Bougainville  have  been 
very  limited.  Many  isolated  islands  and  cultures  exist 
there  that  could  yet  harbor  unrecognized  populations  and 
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coltlvars.  Further  explotatioa  of  parts  of  Bougainville  and 
the  faestern  Solonon  Islands  na/  reveal  further  variation. 

Hetioxylon  vitiense  (H.  Wendland]  H.  Hendland  ex  Benthajn  £ 
Hooker  £..  Rep.  Kew  Gard.  1692:68.  1884.  Coelocous 
vitiensiaH.  nendland,  Bcmplandia  6:260.  1861.  Sagua 
vitiensis  H.  Headland  in  Seenann^  Flora  Vitiensis,  279. 
1865-1868.  Type:  FIJI,  Viti  Levu,  Seemann  658 
{Holotype:  KE;  iaotypea:  BE,  &1E) 

Five  to  16  ra  tall,  hapaxanthic,  trees  (Fig.  6. SCI. 

Stem  36-50  cm  wide,  leaf  sheaths  0.5-1. 2 m long,  anted  with 
single  to  multiple  spines,  spines  green  to  brown/black,  3-15 
cm  long,  some  thin  and  papery  up  to  30  cm  long;  petiole 
1.8-0  m long,  armed  occasionally  with  flattened,  papery 
spines  up  to  30  cm  long,  like  the  sheath  or  less  so;  rachis 
4-6  n long,  armed  like  the  petiole  or  much  less  so, 
particularly  in  leaves  emerging  higher  on  the  stem,  often 
the  surface  adorned  with  transverse  spineless  combs; 
leaflets  160  or  more,  5-9.2  cm  wide,  72-137  cm  long, 
regularly  arranged,  armed  with  2-8  mm  long  spines  along  the 
margins  and  midvein.  Inflorescences  branching  to  second 
order,  aggregated  into  a suprafoliar,  3-4  n tall,  cot^ound 
inflorescence,  with  10-20  erect  branches  equivalent  to 
axillary  inflorescences;  peduncular  bracts  1-10;  rachis  much 
longer  than  peduncle;  8-17  rachillae/flrst-order  branch; 
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rachillae  5. 5-11. S cn  long,  9-15  nm  wide,  bearing  ca.  200- 
eSO  flowers,  wlch  a short  proximal,  bare,  ataljc-like 
portion,  and  1-many  empty  proximal  bracts  and  no  to  many 
empty  distal  bracts,  each  of  Che  rest  enclosing  a dyad  of 
similar  size  staminace  azid  hermaphroditic  flowers;  floral 
prophylls  spirally  arranged  in  4-6  rows.  Staminate  flowers 
2-3  mm  wide;  calyx  2-6  mm  long,  with  3 woody,  ealyate  to 
slightly  imbricate  sepals;  corolla  2.5-7  mm  long,  with  3 
woody,  valvate  petals;  corolla  slightly  longer  than  calyx; 
stamens  4-6  mm  long.  Hermaphroditic  flowers  2-3  mm  wide; 
calyx  4-6  mm  long,  sepals  as  the  staminate  flower;  corolla 
6-7  long,  petals  as  the  staminate  flower;  stamens  as  the 
staminate  but  basaly  connected  Co  form  an  androecial  cube; 
gynoecium  4-5  mm  long.  Fruit  rounded  to  elliptic/omular, 

4. 1-5. 8 cm  wide,  4. 9-6. 4 cm  long;  epicarp  covered  in  25-27 
rows  of  green  to  golden  yellow  to  dark  brown  to  grey 
margined,  reflexed  scales,  with  mid-fruit  scales  9-12  mm 
long;  mesocarp  thin,  fibrous;  endocarp  thin. 

Distribution:  FIJI,  on  the  islands  of  Vici  Levu, 

Ovalau,  and  Vanua  Levu,  possibly  also  in  Tonga  (Fig.  6.3|. 

Common  names:  songo,  songa,  niu  soria. 

Additional  specimens  examined:  FIJI;  Vanua  Levu,  Bua,  £ 
of  Nakawakawa  village  creek  edge,  McClatchev  s Fuller  1107 
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(FLAS,  rtG,  SUV):  Vanoa  Leni,  Bua,  E of  Nakawakawa  Tilla 
on  hinaide,  MeClatchev  * Fuller  1109  IFLftS,  FIG,  SUV); 

point,  Mcclatehev  S Bulitavu  1132  (FLAS,  FT6,  SUV);  Viti 
Levu,  Suva,  Haefaold  1936  (Ml;  Viti  Levu,  Kalokolevu, 
McClatchey  496  (StJVA);  Viti  Le»u,  Serua  flat  coastal  sCr 
in  vicinity  of  Ngaloa,  near  sea  level,  A.C.  Smith  9339, 
BISH,  GH,  K)f  Viti  Levu,  Naitasiri,  Nanduruloulou,  lomli 
t Kuruvoli  DA16551,  (BH,  BISH,  SUVA);  Seemann  1850  (Bl ; 
Annon.  s.n.  IFI) . 


Discussion:  The  typification  of  M.  vitiense  has  bee 

baaed  upon  Wendland’s  description  of  Seeman’s  collection 
from  Fiji,  This  species  is  not  easily  confused  with  any 
other  species  of  HetroxyXon  when  relatively  complete 
specimens  are  available.  Despite  the  ease  of  recognitio 

identified  as  M.  vitiense,  doubtlessly  because  of 
geographical  proximity  and  not  character  similarity-  Ih- 
pendulous  raohilla,  round  to  ovoid  fruit  (vs.  erect 
rachillae  along  with  the  obpyriform  fruit  shape),  ra 
small  flowers,  easily  separate  these  two  species. 
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Ic  also  ocoira  over  a much  moie  restricted  range  and  in 
snalles  stands. 

MsCroxylon  varbur^ii  {Heim}  Beccari,  Ann.  Royal  Bot.  Sard. 
Calcutta  12,  2:109,182-184.  1918.  Coelocoeeus 
uaeburgll  Heiji,  Bull.  Soc.  Bot.  Fr.  50:572,  fig,  1-5. 
1904,  TYPE;  VSKUATO  (HEH  HEBRIDES),  Heim  s.n. 
IHolotype:  HAL?  not  seen,  possibly  destroyed) . 
Neotype:  VAHUATAU  (NEW  HEBRIDES) : Ridley  3171  (SIN!, 


Six  to  12  m tall,  hapaxanthic,  trees  (Fig.  6.5D).  Stem 
31-43  cm  wide.  Leaf  sheaths  0.4  to  0,65  m long,  unarmed  or 
armed  with  single  to  multiple  spines,  occurring  as  clusters, 
combs,  spines  green  to  yellow,  1.9-4  cm  long,  sheath 
occasionally  lightly  coyered  with  white  indumentum:  petiole 

sheath  or  less  so;  tachis  2-4.4  m long,  unarmed  or  armed 
li)te  the  petiole  or  much  less  so  particularly  in  leates 
emerging  higher  on  the  stem,  often  the  surface  adorned  with 
transTerae  spineless  combs;  leaflets  ca.  170-274,  6-9  cm 
wide,  96-170  cm  long,  regularly  arranged  to  grouped, 

with  short  1-4  mm  long  spines  along  the  margins  and  midyein. 
Inflorescences  branching  to  second  order,  aggregated  into  a 
suprafoliar,  1.5-2. 5 m tall,  compound  infloreecence,  with 


13-16  siect  blanches  equivalent  to  axillary  inflorescences; 
peduncular  bracts  1-10;  rachis  usually  much  longer  than 
peduncle;  first-order  branches  erect,  with  5-10 
raohillae/firsc-order  branch,  occasionally  Che  most  distal 
first-order  branch  bract  contains  only  an  undeveloped 
rachilla  base;  rachlllae  7-12-5  on  long,  9-13  mm  wide, 
bearing  ca.  220-390  flowers,  rachillae  with  3-5  empty 
proximal  bracts  and  0-3  empty  distal  bracts;  floral 
prophylls  spirally  arranged  in  1 rows.  Staminate  flowers  3- 

4 mm  wide;  calyx  5-5  mm  long  with  3 woody,  valvace  sepals; 
corolla  8-11  mm  long,  with  3 valvate  petals;  corolla  mors 
than  twice  as  long  as  the  calyx;  stamens  S-6  mm  long. 
Hermaphroditic  flowers  3-4  mm  wide;  calyx  4-5  mm  long, 
sepals  as  the  staminate  flower;  corolla  6-11  ram  long,  petals 
as  the  staminate  flower;  stamens  4-6  mm  long;  gynoecium  2.5- 

5 mm  long.  Fruit  obpyriform,  (3.515.4-7  cm  wide,  (4, 4)6.4- 
8.5  cm  long,  with  emergent  apical  stigmatic  remains;  epicarp 
covered  in  23-31  tows  of  green  to  golden  yellow-brown,  grey 
margined,  reflexed  scales,  with  mid-fruit  scales  9-13  mm 
long;  mesocarp  1-3  mm  thick,  fibrous,  corky  or  spongy  (often 
much  thicker  (2+  cm)  toward  the  base;  endocarp  thin.  Seed 
4. 2-4.8  cm  wide,  invaginated  to  ca.  2.0  cm  deep. 

Distribution:  Futuna,  Fiji,  Rotuma,  Solomon  Islands, 
Vanuatu,  Western  Samoa,  and  possibly  in  Tahiti,  Tokelau,  and 
Tonga  (Fig.  5.4) . 
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Local  names:  oca  (Anuca,  Pucuna,  Rotuma,  lilcopia); 
Inkoko,  noeroe,  lovnete,  nets,  nokwo,  ocoeo,  ole,  oe,  koko, 
laukoko,  (Santa  Cruz  aroup);  enkul,  natakra,  natalawa, 
natangura,  netato,  nindru  ambih,  notah,  nuwauriet,  sokota, 
tangula,  tenebee,  csuku,  wacaghor  (Vanuatu);  niu  lotuna 
(Western  Samoa). 


o£  Hakawakawa  Tillage  in  creek  edge,  McClatchev  4 Fuller 
110'^  (SnVA,  FTG);  Vanua  Levu,  Bua,  E o£  Nakawakawa  village 
on  hillside,  20  m alt.,  McClatchev  s Fuller  1108  (SUVA. 

FTG),  FOTDBa:  Aloalo,  Nuku,  Singave,  Kirch  12.13,H  (BISH); 
BOTUMA:  Itu'ti'u,  Savlei,  Cox  1306  (BRY,  SOV) ; Itu'ti'u, 
Mumu,  altitude  10  m alt.,  MeClatchey  517  (SUV,  BRY); 
Itu'muta,  Mcclacchev  54j  (BRY,  SOV);  Itu’ti'u,  Kilinga, 
St.John  19094  (BISHI.  VANUATU  (NEW  HEBRIDES  I : Malekula, 
Tisbel,  Hall4  6344  (A,  BH,  K) ; Penticost,  alt.  ca.  10m 
alt.,  MacDaniels  3011,  (BHl;  Markelli  s.n.  1908  (FI); 

Efate,  near  Mele  village,  vicinity  of  Vila,  H.E.  Moore  9319 
(BH)  ; Oreparapara,  Zona  at  734  . WESTERN  SAMOA:  Savai'i: 
Saleloioga,  McClatchev  t J.  McClatchev  S46  (SUVA) ; 'Dpolu, 
Anon.  19331  (K) ; 'Upolu,  Safaca,  Salamumu 'uca,  Bristol  2178 
, K),  Bristol  2180  (BISH,  GH) ; ‘Upolu,  Tanumalala, 
e 19931  (BISH);  'Upolu,  cross  island  road  3.6  km  from 
shore,  530  m alt.,  McClatchev  t Zona  1185  (BRY,  FTG); 
u,  Salani  Uta,  Falealele,  McClatchev.  Zona.  Schuster, 


(BISH, 
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Tipamaa  i Poai  IIBS  (BH,  BISH,  BR?,  EXAS,  FTG) ; 'npolu,  in 
Faa'ali  10396  (BH) . 

Cultivated,  without  locality;  toon,  a.n.,  1941  (B) . 

Diacusaion:  The  type  collection,  Hein  a.n.  haa  not 
been  located,  Rauwerdinlc  (1986)  indicated  that  the  type 
might  be  at  HAL.  Correapondenoe  with  HAl,  haa  indicated 

Subaequently,  Rauwetdink  propoaed  Ridley  3171  (SIN,  K)  as 

for  hia  descriptions  of  the  species  was  Markelli  a.n.  1908 


This  speoies,  along  with  M.  paulcoxii,  is  easily 
recognised  based  upon  the  obpyriform  fruits  and  a suite  of 
inflorescence  characters:  corolla  much  longer  than  calyx, 
erect  rachillae,  and  a lack  of  pubescence  on  the  rachilla 
bases.  This  species  is  found  over  a very  wide  range  of 
islands  and  is  uncollected  throughout  much  of  that  range. 
It  is  very  likely  that  the  species  Is  mote  variable  than 
currently  realized. 

Metroxylon  pauloeocii  McClatchey,  sp.  nov.  TYPE:  BESTERN 
Mafa  pass,  10  m.  altitude,  Moore  t Fasavalu  9985 
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A Metroxylon  varbacgii  (Heim)  Beccari,  aliis  rachillae 
distinguenda,  rachillae  dlstalia  elengacua  ec  rachillae 
lateralis  longitudine  deoiinuts  aut  nullur  rachillae 
erectiuaculua,  horlrontalia,  mel  pendulus,  rachillae 
distalls  saepiuscule  pendulus. 

Small  to  moderate  sized,  hapaKanchic,  trees  (Figs.  6.7A 
& 6.8A).  Leaf  spines  green  to  yellow-brown;  petiole  1-3  m 
long,  unarmed  or  armed;  rachis  1.5-2. 9 m long;  leaflets  120- 
150,  S-8  cm  wide,  70-95  cm  long,  regularly  arranged  to 
grouped,  unarmed  or  armed  with  short  spines  2-5  mm  long, 
along  the  margins  and  main  ^ein.  Inflorescences  branching 
to  second  order,  aggregated  into  a suprafoliar  compound 
inflorescence  1-2  m tall,  with  8-15  erect  branches 
equivalent  to  axillary  inflorescences  (Fig.  6.7B1;  peduncle 
0.4-1. 3 m long,  5-8  cm  wide;  peduncular  bracts  1-5;  rachis 
longer  than  peduncle,  0.6-1. 7 cm  long,  first-order  branches 
erect  with  1-8  rachillae  per  branch;  rachillae  erect, 
pendulous  or  horizontal,  lateral  rachillae  (if  present)  7-12 
mm  wide,  3-11  cm  long,  erect,  horizontal  or  pendulous; 
terminal  rachilla  11-13  mm  wide,  14-26  cm  long,  pendulous 
and  often  sigmoid  shaped,  ca.  450  flowers/terrainal  rachilla, 
each  rachilla  with  a few  to  many  empty  proximal  bracts  and 
no  to  many  empty  distal  bracts;  floral  prophylls  spirally 
arranged  in  4 rows.  Staminate  flowers  3 mm  wide;  calyx  5 mm 
long;  corolla  8-11  mm  long,  with  3 (occasionally  4),  woody, 


Talvate  (occasionally  imbricate)  petals;  corolla  more  than 
twice  as  long  as  the  calyx;  stamens  6 mm  long. 

Hermaphroditic  flowers  3 mm  wide;  calyx  5 mm  long,  sepals  as 
in  staminate  flower;  corolla  8-3  mm  long,  petals  as  in 
ataminate  flower;  corolla  as  in  staminate  flower;  stamens  3 
mm  long;  gynoecium  2.5  mm  long.  Fruit  obpyxiform,  5.4-6  cm 
in  diameter,  6.5-7  cm  long,  with  emergent  apical  stigmatic 
remains;  eplcarp  corered  in  24-26  rows  of  green  to  golden 
yellow-brown  to  grey  margined,  reflexed  scales,  with  the 
mid-fruit  scales  13  mm  long;  mesocarp  2 mmt  thick,  fibrous, 
corky  or  spongy;  endocatp  thin.  Seed  globose,  3.7  cm  wide, 
invaginated  up  to  20  mm  deep. 

Distribution;  HESTEEIN  SAMOA,  on  'Dpolu  and  Saeai'i 
islands  (Fig.  6.6). 

ComjDon  names:  niu  lotuma 

Additional  specimen  examined:  WESTERN  SAMOA;  Saeai'i, 
tapu  elieli,  McClatchev,  Zona,  Poai,  Schuster  6 Tipamaa 
1192  (BH,  BISK,  BRy,  FIG,  K) ; Savai'i,  tapu  elieli, 
McClatchey,  Zona,  S Schuster  1193  (BH,  BISH,  BRf,  FTG,  K); 

Dpolu  island,  Mafa  pass,  Lotofaga  Dta,  HcClatchev  s Zona 
1186  (BH,  BISH,  BRY,  FTG,  K);  'Dpolu  island,  Tuamasaga,  Le 
au  7a 'a  uta,  McClatchev,  Zona,  Tipamaa  s Poai  1198  (BH, 
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Discussion;  Moore  i FassTalu  5985  has  been  selected  as 
the  type  of  a newly  described  species  because  Moore 
recognized  the  presence  of  a distinctive  taxon  in  Meetem 
SatLoa.  The  name,  M.  jpoluense  Beccari  419181,  cannot  be 
used  for  this  species  because  the  type  and  description 
(WESTERN  SAMOA,  'Upolu  island,  Rechinger  ^.n.,  1905  4FI!) 
can  not  be  determined  with  confidence.  This  species  was 
originally  described  by  Beccari  {1918),  based  upon  a small 
envelope  of  immature  fruits  sent  from  German  Samoa  by 
Rechinger  to  Beccari,  in  Italy-  Since  the  immature  fruits 
of  M.  WBcburgli  and  M.  paulcoxii  do  not  differ,  it  is 
impossible  to  determine  which  species  Rechinger  £,n. 
represents. 

The  growth  of  Che  rachillae  observed  in  Moore  8 
Fasavalu  9985  is  strikingly  different  from  M.  warburgii, 
neoBssitating  the  recognition  of  this  species.  Populations 
of  M.  paulcoxii  are  found  growing  alone  or  adjacent  to  M. 
uarbuegii.  Usually  M.  psulcoxii  appears  to  be  much  smaller 
in  stature  and  diameter  but  has  a similar  sized 
inflorescence. 

Samoans  who  were  Interviewed  indicated  that  there  ace 
two  types  of  Metroxylon  found  on  'tjpolu.  The  first  type  is 
smaller,  without  starch,  and  produces  leaves  that  are  not 
useful  for  thatch,  although  Samoans  were  observed  making 
thatch  from  these  trees  (these  are  represented  here  by 
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specimens  of  M.  pauicojsii).  The  second  type  (obriously  W. 
uarburgii)  was  formerly  introduced  as  a source  of  thatch, 
and  some  Samoans  have  since  learned  to  extract  starch  from 
the  stems.  One  specimen  of  W.  paulcoxii,  [Mcclatchev,  Zona, 
s Poai  1192)  has  inflorescence  branches  which  have  a few 
secondary  branches  that  resemble  M.  uarbazgii  while  the 
remaining  branches  resemble  M.  paalcoxii . This  may 
represent  a hybrid  or  may  merely  represent  part  of  the 
morphological  variability  of  M.  paulcoxii. 


CHkPTEB  1 

PHYIOGEOGRAPHY  AND  ECOLOGY 
Metroxylon  section  Coelococcos  is  distributed  from 
Micronesia  in  the  North  Co  Fiji  in  the  south  and  from  Samoa 
in  the  east  to  Chuuk  in  Che  West-  The  full  area  of 
distribution  represents  a vast  region  extending  from  15'  N 
to  17*  S latitude  and  from  128"  E to  172*  W longitude  (Fig. 
8.1).  This  distribution,  although  vast  (slightly  more 
surface  area  chan  that  of  the  Onited  States),  is  entirely 
insular  in  nature.  Furthermore,  the  distribution  of  these 
trees  is  limited  to  wet  or  at  least  periodically  wet  areas 
at  low  elevation,  especially  swamps  near  brackish  coastal 
strands.  Although  some  individual  trees  are  occasionally 
found  growing  at  up  to  ea.  300  m in  elevation,  these  trees 
appear  to  be  part  of  present  or  past  plantations.  The  trees 
are  not  only  limited  alcitudinally  but  also  edaphically. 

They  occur  on  freshwater  inundated  or  rarely  slightly 
braejcish  soils  Chat  are  occasionally  or  continually  flushed 
by  flowing  fresh  water.  The  fresh  water  flows  may  be  from 
rivets,  tidal  flux,  or  freshwater  springs.  The  freshwater 
springs  and  riverine  slopes  account  for  most  of  the 
altitudinal  transit  opportunities  for  these  trees.  Thus, 
despite  Che  seemingly  broad  distribution  of  these  trees, 
they  are  actually  confined  to  very  small  areas 
166 
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lexcept  in  a few  pacta  of  the  Solomon  ialands)  of  very  small 
islands. 

The  actual  distiibutions  of  these  trees  (Tigs.  6.1, 

6.2,  6.3,  6.4,  £ 6.9)  reflect  both  thetr  narrow  natural 
ranges  and  their  anthropogenic  distributions. 

PREHDMftH  or  HATURAL  DISTRIBUTIONS 

Since  these  palms  are  used  extensively  by  people 
throughout  their  current  distribution,  it  is  difficult  to 
estimate  which  parts  of  their  ranges  are  natural  and  which 
have  been  produced  through  human  introductions.  One 
possible  key  to  determining  the  natural  inon-human  modified) 
distribution  would  be  to  determine  the  natural  mode  of 
distribution  of  the  fruits,  for  clearly  where  the  fruits  can 
go,  the  trees  will  follow. 

eating  the  fruits.  Similar  conclusions  for  section 
Metroxylon  have  been  reported,  e.g,,  "birds  do  not  eat  the 
fruits,  nor  do  bats"  (Johns  i Hay  1984  p.231).  Methods  by 
whidi  fruits  have  been  observed  to  become  distributed  away 
from  the  parent  are:  1)  very  short  distance  drops  from  the 
infructescence  to  the  ground,  2)  via  windfall  of  Che  parent, 
thus  sending  the  fruit  up  to  10-15  or  more  meters  from  the 
stusg:  of  the  parent,  3)  dispersal  of  the  parent  with  fruit 
intact  over  water,  even  sea  water,  by  the  parental  log 
falling  into  Che  water  and  floating  to  some  close  or  distant 
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point  ox,  by  the  fruit  floating  in  a river  or  spring  run 
to  more  distant  regions  (oote  that  in  areas  of  tidal  influx 
the  direction  of  movement  could  be  reversed  Co  take  the 
fruits  up  stream) . Although  some  accounts  of  section 
>TeCroxylon  have  indicated  that  the  fruits  are  not  viable 
after  exposure  to  sea  water  (Johns  t Bay  19841,  this  finding 
has  not  been  determined  for  any  members  of  section 
Coelococcus.  However,  this  conclusion  is  suspect  because 
section  Mecroxylon  is  known  to  have  many  sterile-fruited 
populations,  which  could  possibly  contribute  to  a non- 
controlled  observation  of  salt  water  intolerance.  Finally, 
tropical  storms  and  hurricanes,  which  are  frequent  within 
the  range  of  Metroxylon,  could  easily  transport  the  fruits 
or  whole  trees  to  new  areas,  again  via  water.  Tucker 
(19881,  referring  to  members  of  section  Metroxylon,  noted 
that  intact  Metroxylon  sagu  trunlcs  are  not  uncommonly  washed 
ashore  in  north  Queensland,  Australia.  Dowe  (1989  p.l54) 
concluded  that  "for  this  genus,  distribution  through  whole 
plants  being  dislodged  and  carried  on  the  ocean’s  currents 
should  be  considered."  Even  more  likely  is  dispersal  of 
entire  trees  with  some  or  all  of  their  fruits  held  out  of 
the  ocean,  at  least  for  short  periods,  during  a short  trip 
carried  on  the  waves  of  a storm.  These  fruits,  if  prevented 
from  absorbing  salt  water  land  we  do  not  really  know  if  that 
is  harmful),  could  easily  provide  the  beginnings  of  new 
insular  populations. 
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expanded  steadily  07er  the  subsequent  geological  periods 
(Durham  19S3,  Menard  and  Hamilton  1963,  Coleman  1973,  Smith 
1983) . 

During  the  Hid-paleocene  (ca.  60  m.y.  ago),  volcanic 
activity  commenced  in  the  plate  margin  regions  of  the 
Mestern  Pacific  (Dowe  1989).  During  the  Eocene  and  the 
Miocene  extensive  volcanic  activity  across  the  Mestem 
Pacific  developed  many  islands  and  built  upon  the  existing 
land  masses  of  Fiji,  the  Solomon  islands  and  possibly 
Vanuatu.  The  islands  that  provide  land  between  the  Solomon 
Islands  and  Vanuatu  arose  in  the  Oligocene  and  early 
Miocene.  These  islands  could  have  provided  a series  of 
stepping  stones  upon  which  Metroxylon  could  spread  from  the 
areas  between  Borneo  and  the  Solomon  Islands  (presumed 
origins  of  the  genus)  to  Vanuatu,  Fiji  and  the  rest  of  its 
present  distribution. 

The  present  islands  of  the  Western  Pacific  were  largely 
in  place  by  the  Pleistocene,  including  the  Islands  and 
atolls  of  Micronesia.  Throughout  the  Pleistocene,  lower  sea 
levels  would  have  provided  slightly  mote  land  area  for 
migrating  plants  to  colonire,  although  due  to  the  deep 
oceans  and  persistent  distances  between  islands,  this  may 
have  been  of  minimal  importance.  Some  islands  with 
Metroxylon  section  Coelococcos  species  formed  during  the 
Pleistocene,  such  as  the  southern  islands  of  Vanuatu, 
including  Erromango,  Tanna,  and  Aneityum. 
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Metraxylon.  No  fossils  of  Metroxyloo  haye  been  repoited, 
and  only  limited  palynological  data  are  available.  Neither 
the  time  nor  the  location  of  the  center  of  origin  for 
MeCroxylon  can  be  discussed  with  confidence;  however/  based 
upon  the  present  distributions  of  Metroxyloo,  and  the 
closely  related  genera,  Korthalsia  and  Eugsissona  (Dhl  and 
Dransfield  1987),  and  the  geological  development  of  the 
Nestern  Pacific  islands  as  presented  above,  it  is  possible 
that  Metroxylon  originated  on  New  Guinea  or  the  islands  to 

Sumatra).  If  true,  the  genus  could  then  have  spread,  either 
as  the  geological  conditions  permitted  (land  developed)  or 
through  early  human  migrations  (Papuan  and  Melanesian),  into 

ANTHROGENie  DISTRIBOTION 

As  will  be  discussed  in  chapter  eight,  two  distinct 

where  Metroxylon  section  Coeiococcus  occurs.  The  earliest 

the  first  to  develop  sago  production  from  M.  salomonense, 
either  from  techniques  brought  with  them  from  ancestors  in 
New  Guinea  nho  harvested  other  species  of  Metroxylon  or  as  a 
new  development . Recognition  of  the  value  of  sago  starch 
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could  quite  easily  have  been  made  by  these  early 
inhabitants.  The  unprocessed  pith  of  the  trees  is  mildly 
sweet  and  pleasant  to  eat.  Chance  encounters  with  wind 
fallen  trees  or  by  individuals  searching  for  grubs  in  the 
fallen  logs  of  sago  trees  probably  led  to  the  first  sago 
eating  cultures. 

Later  groups  of  Auscronesian  language  speakers  who 
entered  the  Solomon  Islands  either  learned  from  the  Papuans, 
relearned  the  process  of  sago  starch  extraction,  or  brought 
the  process  with  then  from  their  experiences  in  New  Guinea 
and  Che  Moluccas.  These  later  groups  moved  farther  and 
farther  to  the  east  with  one  sub-group,  the  Polynesians, 
eventually  penetrating  as  far  as  New  Zealand,  Hawaii,  Easter 
Island,  and  possibly  even  South  America.  Metroxyloo  species 
may  have  been  carried  from  island  to  island  as  part  of  a 
mobile  tool  kit  passed  through  the  generations.,  or  the 
peoples  may  have  encountered  new  species  of  Mbtroxylon  as 
they  moved  from  island  to  island.  In  either  case, 
eventually  the  Polynesians  moved  beyond  the  limits  of 
Metroxylon  distributions.  Alternatively,  it  is  possible 
that  anthropogenic  MetroKylon  distribution  is  so  very  recent 
chat  it  is  a secondary  development  in  Melanesia  and 
Polynesia  (i.e.,  due  to  trade  networks  rather  than 
migrations),  with  the  advent  of  European  exploration  cutting 
short  the  human  facilitated  movement  of  these  trees  across 
Oceania  (HcClatchey  i Cox  1992).  If  this  is  the  case,  then 


section  Coelococcus  nay  be  due  to  rapid  genetic  drift  and 
human  selection  of  propagules  based  upon  aboriginal  uses  of 
the  trees,  aboriginal  gardening  conditions,  and  chance 

occupy  the  norchernmost  distributions  of  section 
Coelococcus.  The  origins  of  these  seafaring  peoples  are 
problematic,  with  cultural  affiliations  with  peoples  in  the 
Philippines,  Indonesia,  Melanesia  and  some  with  Polynesia. 
Retrograde  motementa  of  Polynesians  into  the  Polynesian 
outlier  islands  in  the  Solomon  Islands  could  have  led  to 
transport  of  Hetroxylon  north  into  Micronesia.  The 
Micronesians,  themselves  great  seafarers,  may  have  taken 
Hetcoxylon  from  the  Solomons  or  some  Polynesian  outlier. 

Although  limited  archaeological  studies  have  been 
conducted  regarding  the  peopling  of  the  Western  Pacific, 
there  are  no  analogous  studies  of  the  prehistory  of 
Metzoxylon,  Palynological  analyses  of  lake  and  swamp  cores 
are  needed  in  this  region  if  the  prehistoric  distributions 
of  Metroxylon  ate  to  be  determined. 

PHYTOGEOGRAPHIC  RESIOHS 

Four  general  regions,  based  upon  four  species  of 
section  Coelococcus  (Fig.  B.l),  can  be  delimited  based  on 


the  hypothesis  of  geneologicsl  relationships  of  the  species 
(Fig,  S.13)  and  the  geographical  distibutions . These 
regions  rest  on  the  assirsption  that  introductions  have 
occurred  only  ones  (twice  in  the  case  of  MetroJtylon  in 
Samos) . This  may  or  may  not  be  the  case,  but  in  the  absence 
of  evidence  indicating  a more  complicated  scenario,  the 
following  simple  outline  is  presented. 

First,  the  earliest  members  of  Metraxylon  section 
Coelococcus  evolved  in  either  New  Guinea  or  the  Hestem 
Solomon  Islands.  Second,  the  ancestor  of  N.  viciense  was 
moved  to  Fiji,  either  early  by  aquatic,  long  distance 
dispersal  or  later  by  human  migrations.  Third,  a separate 
species  evolved,  possibly  in  the  eastern  Solomon  Islands, 
that  would  eventually  give  rise  to  M.  uerburgii  and  M. 
amicarum.  Fourth,  M.  wasburgii  was  spread  through  the 
eastern  Solomons  and  transported  to  Vanuatu.  Fifth,  the 
ancestor  of  M.  eimicaram  was  transported  to  Micronesia. 
Finally,  a probable  movement  of  M.  varburgii  to  Samoa  where 
M.  paulcaxii  evolved  from  a founding  population  that  was 
genetically  very  limited,  followed  by  a much  more  recent 
reintroduction  of  W.  werburgii . 

Each  of  these  dispersal  events  is  easily  envisioned 
(Fig.  V.Z)  with  the  insertion  of  an  hypotheaiied  ancestor  of 
W.  amicaruffi,  W.  patjlcoxii,  and  M.  warburgii  in  the  eastern 
Solomon  Islands,  building  the  rest  of  the  distribution 
pattern  following  the  phylogenetic  cladogram  of  the  species 
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of  section  Coeiococeus.  All  of  the  migrations  presented 
could  have  occurred  at  anytime  since  the  Tertiary,  although 
much  later  human  migrations  and  manipulations  provide 
possible  alternatives,  As  presented,  these  speciation 
events  represent  eladogenie  events. 

Figure  1.3  illustrates  the  relationship  of  the 
distributions  of  each  species  when  overlaid  with  the  results 
of  the  cladistic  analysis  of  section  Coeiococeus  (see 
chapter  five) . The  presumed  relationships  can  be  supported 
by  anthropogenic  dispersal  of  one  or  more  species  of 
Metroxylon  as  well  as  natural,  long  distance  water 
dispersal. 

ENDEMISM 

Endemic  tara  (as  narrowly  defined  for  this  study)  are 
those  that  are  restricted  to  the  area  in  which  they 
originated  (Quic)ce  1993) . Because  of  the  highly  insular  and 
localized  populations  which  occur  over  Che  wide  distribution 
of  these  palms,  endemic  species  have  had  ample  opportunity 
to  originate  (evolve) . Metroxylon  smiesrum  represents  an 
extreme  case.  The  small  populations  of  this  species  are 
spread  out  over  fewer  chan  100  islands  chat  are  diapered 
over  thousands  of  square  )cilomecera  of  open  ocean.  The 
island  of  Fohnpei,  offers  a probable  location  for  the 
development  of  this  narrowly  distributed  species.  The 


balance  of  the  distribution  Is  probably  due  to  dispersal 
from  Pohnpei,  either  anthropogenic  or  natural. 

Metioxylon  salomonense  and  the  related  M.  vitiense 
represent  species  chat  nay  have  diverged  from  a common 
ancestor  only  after  their  separation  via  human  (or  natural) 
transport  of  ancestral  propagules  from  the  Solomons  to  Fiji 
or  vice  versa.  Metro^tylon  vitlense  does  not  appear  to  be 
very  polymorphic  and  ia  quite  limited  in  dletribution,  beinq 
found  only  on  a few,  mostly  riverine  areas  on  three  larger 
islands,  Viti  Levu,  Vanua  Levu  and  Ovalau.  MetroKylon 
saloaonense,  on  the  other  hand,  is  highly  variable  in 
morphology  and  to  some  extent  in  location  in  the  habitat. 
Afecroxylon  saicmonense  is  distributed  over  no  less  than  ten 
larger  islands  and  probably  hundreds  of  smaller  islands.  It 
is  always  found  in  proximity  to  human  settlements  or  former 
settlements  (or  perhaps  the  humans  ace  proximal  to  the  sago 
populations) - Although  it  ia  found  in  alow  moving  riverine 
and  near  sea-level  settings,  it  also  occurs  on  moist  slopes 
of  slightly  inland  rivers  and  in  some  cases  along  edges  of 
forests  with  little  or  no  apparent  water  supply.  Due  to  the 
extreme  range  of  ecological  and  morphological  variation  of 
W.  salomonense,  I have  assumed  that  this  species  originated 
on  one  of  the  larger  islands  within  its  current 
distribution,  i.e.,  Bougainville,  New  Georgia,  Choiseul, 
Santa  Isabel,  Malaita,  Guadalcanal,  or  San  Cristobal.  It 
may  have  undergone  sobaequent  spreading  to  ocher  adjacent 
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islands.  At:  least  one  long  distance  dispersal  event  is 
required  to  explain  the  occurence  in  Fiji  of  a coonon 


originally  to  the  island  of  Viti  Levu.  The  additional  s 
populations  found  on  Ovalao,  South-western,  Sorth-westem 


the 


troxylon  warhurgll  is  distributed  over  a wide 
:ively  snail  islands  (although  not  as  small  as 
cicaruni  with  nany  of  these  Islands  lacking  ri 
5.  Cultural  studies  (McClatchey  i Cox  1932)  i 
5t  of  these  localities  are  likely  the  result  o 


Assuming  that  H.  warbucgii  was  originally  endemic  t 
Vanuatu,  then  the  distributions  of  the  clearly  distinct 
anicaruis  and  M.  paulcoxli  becomes  problematic.  Metroxyl 
aaicariuB  occurs  on  the  opposite  side  of  the  equator,  ove 
2000  kilometers  from  the  distribution  of  M.  uarburgii,  a 
H.  paulcoxil  never  occurs  except  in  close  proximity  to 


itly  it 


oduced  populations  of 
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relationship  between  H.  warbucgii  and  M,  pauleoxii  baaed 
upon  the  autapomorphy  of  glabrous  rachilla  bases. 

Metroxylon  paulcoKii,  due  to  its  limited  distribiution, 
i.e.  two  isolated  islands,  is  assumed  to  hare  originated  on 
one  of  the  islands,  probably  'Opolu,  with  subsequent  spread 
to  Sarai'i.  It  is  very  likely  that  this  species  has  evolved 
(possibly  quite  recently!  following  the  introduction  of  a 
few  individuals  (possibly  only  one)  of  H.  uazbuzgii.  This 
allowed  rapid  genetic  drift  and/or  peripheral  isolate 
apeciation  to  occur  in  the  resulting  population.  Since  the 
historical  record  of  Wetro«ylon  in  Samoa  is  very  limited 
(see  chapter  two),  this  speciation  hypothesis  is  favored 
over  others  discussed  in  chapters  two  and  six. 

HYBRIDIZATIQM 

No  studies  of  hybridisation  have  as  yet  been  conducted 
on  section  Coelococcus.  Observations  in  Che  field  give 
mixed  indications . 

In  Fiji,  M.  vitiense  and  M.  varburgii  have  been  grown 
in  proximity  by  both  traditional  peoples  and  modern 
horticulturalists  for  at  least  the  last  fifty  years. 
Populations  of  introduced  W.  uazburgii,  in  close  proximity 
to  those  of  M.  vitiense  on  the  island  of  Vanua  Levu,  seem  to 
have  produced  intermediate  individuals  which  have 
characteristics  of  both  species  [MeClatchev  s Fuller 
1107  [SOYA.  FTG],  MeClatchev  t Fuller  1108  (SWA,  FTG]  . 


although  differing 


of  adjacent  «.  uarburgli,  do  fall  within  the  range  of  M. 
warburgii  aensu  lato  and  therefore  ha-7e  been  tecogniaed  in 

obaervatlona  are  examplea  of  the  sane  two  species  planted  in 

and  produce  offspring  that  are  non- intermediate. 

In  Samoa,  M.  warburgii  and  H.  paalcoxii  are  commonly 
found  growing  near  one  another  or  in  mixed  stands.  Only  one 
specimen  was  obsex7ed  with  intermediate  characters 
(McClatchev,  Zona,  Schuster,  Poai,  t Tipamaa  1192  [BH,  BISH, 
BRf,  FIG,  K] ) , although  the  bulk  of  the  material  collected 


from  the  tree  falls  within  the  concept  of  M.  paulcoxll. 
Clearly  much  more  work  is  needed  before  any  definitive 


On  Oreparapara,  Banks  Islands,  Vanuatu,  Zona  (pels. 

growing  together  with  no  apparent  hybridization.  Similar 
reports  of  these  species  growing  in  proximity  in  the  Santa 
Cruz  group  of  the  Solomon  Islands  (Sirikolo,  pers.  comm.) 
have  also  indicated  that  no  hybridization  has  occured. 

proximity  to  one  another  are  M.  salomonense  and  members  of 
section  Metroxylon  on  Guadalcanal,  The  populations  of 
section  «etroxylon,  although  having  some  flowers,  possibly 
with  pollen,  appeared  not  to  set  fruit.  Several  different 
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populations  wet«  e>:aained  but  no  fruits  were  located. 
Wetroxylon  sagti  in  this  region  probably  reproduces 
exclusively  by  vegetative  apomixls,  and  thus  It  is  not 
surprising  that  no  Intermediate  individuals  were  observed- 

ECOLDSy 

MetroKylon  section  Coeiococcus  is  composed  of  palms 
growing  on  peaty  or  sandy  soils  that  are  seasonally  or  more 
comirionly  permanently  moist.  These  soils  are  typically 
flushed  by  constant  flows  of  fresh  water,  although 
occasional  incursions  of  brackish  water  are  tolerated.  The 
trees  survive  well  and  even  flourish  In  areas  of  nutrient- 
poor  soils.  The  plants  can  become  established  under  a 
closed  canopy  and  can  even  spread  into  nearby  forests  at 
times  of  flooding  via  the  floating  fruits.  Once 
established,  the  trees  grow  in  relatively  thick  stands, 
forming  closed  canopies,  allowing  only  occasional  sedges  and 
other  understory  herbs  to  survive  below  them.  When  growing 
in  strand  or  near  strand  locations,  Meteoxylon  stands  may  be 
mixed  with  Uypa  or  Fandanus  trees  but  only  rarely  grow  mixed 

Constant  human  intervention  in  the  lives  of  these  trees 
makes  it  difficult  to  determine  their  natural  ecological 
limits,  but  some  limits  can  be  identified:  1)  Only  limited 
root  exposure  to  salt  water  can  be  endured,  although  the 
trees  hsve  been  noted  to  grow  literally  on  the  beach  above 
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the  high  tide  nazk  on  Kolonbangata  island,  Solomon  Islands. 
2)  Dry  soils  cannot  be  tolerated  for  very  long.  3)  Steep 
slopes,  unless  very  damp  prohibit  growth  of  Che  trees.  4) 
Altitude  is  limiting.  The  trees  are  almost  never  noted 
above  100  meters  in  elevation  unless  they  are  found  in  a 
cultivated  sice.  Reports  range  up  to  lOOO  m and  I have 
observed  trees  growing,  although  poorly,  at  over  600  m.  51 
Fertile  (often  volcanic)  soils  upon  which  Metroxylon  can 
grow,  are  limiting  due  to  the  inability  of  Metcoxylon  to 
compete  with  other  forest  species. 

POLIIHATIOH  BIOLOGY 

The  flowers  Of  members  of  section  Co&Iococcus  are 
pollinated  by  insects,  either  flies,  bees  or  wasps,  and,  not 
by  wind  as  has  often  been  suggested  for  palms.  Flowers 
produce  copious  amounts  of  pollen,  which  is  readily  e.^posed 
to  Che  wind,  but  little  or  no  pollen  has  been  noted  on  the 
ground  beneath  the  trees,  or  even  upon  the  adjacent  branches 
of  the  inflorescence.  Since  each  infloresence  contains  a 
very  large  number  of  flowers,  of  which  many  will  be  open  at 
any  given  time,  pollen  shedding  trees  can  be  spotted  from  a 
long  distance  as  orange  or  yellow  tinged  heads. 

Zona  jpers.  comm.)  has  noted  parrots  visiting  and 
feeding  in  Mecrcixylaa  inflorescences  in  Vanuatu,  and  in 
Samoa,  scarlet  honey-creepers  (Mysomela  cardfnaJis),  were 
noted  visiting  M.  paulcoxii  and  M.  warburgli  flowers.  Bees, 
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flys  and  wasps  also  have  been  observed  actively  vistlng  open 
Mecroxylon  flowers  in  most  of  the  observed  populations. 

Out-breeding  is  likely  to  occur  although  it  cannot  be 
obligate  for  the  section  because  isolated  individuals  have 
been  observed  to  set  seeds  (e.g.  Fosberg  26236.  (BH,  G] ) . 
Furthemore,  single  flowering  individuals  have  been  observed 
to  set  seed  even  when  no  neighboring  plants  were  flowering 
{Uea.  Rotuma  group,  personal  observation.). 

In  most  iiidividuala  observed,  the  staminate  flowers  are 
seen  to  open  first.  These  are  then  either  lost  prior  to  or 
soon  after  the  opening  of  the  hermaphroditic  flowers.  The 
hermaphraditic  flowers  appear  to  produce  viable  pollen, 
although  this  has  not  been  definitively  determined  and  the 
possibility  of  self-oos^iatibility  has  not  been  studied. 

Flowering  has  been  noted  at  all  times  of  the  year. 
Almost  any  population  visited  has  been  noted  as  having  one 
or  more  flowering/fruiting  individuals  and  most  of  these 
seem  to  set  fruit.  The  period  of  time  over  which  the 
flowers  remain  open  and  the  tine  needed  to  produce  mature 
fruit  after  pollination  have  not  been  determined.  Local 
informants  in  Botuma,  Fiji,  and  the  Solomon  Islands,  have 
indicated  that  the  flowers  are  generally  open  for  several 
wee)iS  and  that  the  fruit  cakes  from  six  months  to  a year  to 
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CHAPTER  8 

BCONCMIC  BOTANY  AND  ETHNOBOTANY 
IKTRODDCTIOB 

Economic  botany  is  the  study  of  the  array  of  plant 
usages  by  peoples  (Hill  1937) . The  focus  of  economic  botany 
studies  is  on  plants,  with  such  studies  being  largely 
descriptive,  contributing  to  a database  of  plant  usages  by 
different  cultures.  Economic  botany  can  be  differentiated 
from  studies  of  the  anthropological  baaed  material  culture, 
which  focus  on  cultures,  secondarily  mentioning  the  plants 
that  ate  used  (Ford  1987) . 

Ethnobotany,  as  used  in  this  study,  is  the  study  of  the 
interactions  between  people  and  plants  (Alexiades  1996, 

Jones  1941,  Martin  1995).  Ethnobotany  then  emphasizes 
interactions,  and  is  neither  plant  nor  culture  specific. 
Ethnobotany  is  built  upon  a base  of  data  provided  by  studies 
in  economic  botany.  Indeed,  most  papers  written  on  economic 
botany  include  short  sections  that  could  be  considered 
ethobotanical.  In  contrast,  publications  in  ethnobotany,  as 

The  terms  economic  botany  and  ethnobotany  have  been 
defined  in  order  to  demarcate  the  two  major  sections 
presented  in  this  chapter.  The  economic  botany  data 
presented  represent  physical  data  observed  and  recorded  by 
188 
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field  researchers,  whereas  the  ethobotanical  information 
represents  implications  and  interpretations  from  economic, 
linguistic,  and  cultural  data  sets.  In  neither  study  are 

primitive/adeanced,  western/non-western,  or  traditional/non- 
traditional. 

Most  of  the  original  elements  of  Che  following  study 
were  produced  following  a participant  observation 
methodology  (Spradley  I960].  Using  this  approach,  Che 
researcher  was  instructed  in  the  usage  of  Metroxylon  by  a 
traditional  expert  followed  by  repeated  attempts  to 
reproduce  the  activity.  The  researcher  continued  to 
practice  the  activity  until  demonstration  of  mastery  of  the 
tediniguefs)  to  the  expert's  eatlafaetion.  Through  this 
approach,  it  is  felt  that  the  researcher  actually  attained 
an  accurate  description  of  the  processes  under  study. 

ECCWOMIC  BOTftSY 

Metroxylon  palms  are  used  throughout  the  Indo-Pacific 
region  by  lowland-,  marsh-,  and  near  marsh-dwelling  peoples. 
The  two  primary  usages  axe  for  the  production  of  edible 
starch  and  durable  leaf  thatch.  Several  secondary  uses  have 

economic  importance  of  the  primary  uses.  The  uses  of 
Hetroxylon  may  be  divided  Into  those  sustained  by  local 
cultures  and  those  that  may  become  industrial  uses.  The 
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industrial  uses  discussed  below  are  entirely  unejtplored  for 
the  species  of  section  Coeloeoccus  but  presently  are  being 
developed  for  section  Metro>;ylon.  Because  of  the  probable 
future  usage  of  the  species  of  section  Coeloeoccus  for  the 
same  purposes,  or  as  genetic  material  in  breeding  progems 
involving  species  of  section  Mectoxylon,  these  uses  are  also 
presented. 

Thatch 

Metroxylon  section  Coeloeoccus  is  used  throughout  its 
range  as  a source  of  superior  leaf  thatch  (with  the  possible 
exception  of  H.  paulcoxii,  see  below) . The  leaves  ate  made 
into  thatch  in  two  different  ways,  with  slight  variations  of 
these  patterns  observed  in  different  cultures.  Leaves  may 
be  woven  into  thatch  sheets  (Fig.  8.1A)  using  the  following 
procedure;  1)  Mature  leaves  are  split  down  the  middle  of  the 
rachis.  2)  The  halves  of  the  leaf  are  woven  and  matched 
with  the  distal  apex  of  one  half  attached  to  the  proximal 
petiole  base  of  the  other  and  vice  versa.  3)  The  pair  of 
leaves  is  allowed  to  dry  in  the  sun,  thus  curing  it  into  a 
dry  thatch.  4)  Drying  may  take  from  one-half  day  to  a week 
or  more  depending  on  temperatures  and  the  weather.  The 
thatch  sheets  may  also  be  used  green  and  allowed  to  dry  on 
the  house  (Sardiner  19981.  A slightly  different  weaving 
pattern  is  used  for  sets  of  leaves  used  to  thatch  the  apex 
of  the  roof.  Rather  than  using  pairs  of  leaf  halves,  two 
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two  leaves  Is  split  in  half  (down  the  rachis)  leaving  two 
leaf  halves  and  one  entire  leaf  all  woven  together.  After 
weaving  (Fig-  8.2A)  the  entire  leaf  ia  at  the  center  of  Che 
thatching  strip  and  the  leaf  halves  are  attached  Co  each 
side.  These  unique  apical  thatch  leaves  are  comaonly  called 
fahacafiei  (or  a cognate)  throughout  their  usage  in  western 
Polynesia. 

Alternatively,  leaves  may  be  manufactured  into  sewn 
thatch  sheets  (Figs.  B.IB  t C)  through  the  following 
procedure:  II  Leaflets  are  removed  from  the  rachis.  2)  Each 
leaflet  is  folded  over  a supporting  spine  of  wood  (e.g. 

Areca  macrocalyx] , bamboo  (e.g.  Bambosa  or  Schizostachyum 
spp),  or  ratan  (Calamus  spp.).  3)  The  leaflets  are  sewn  or 
pinned  to  the  spine  using  coconut  sennet,  thin  lengths  of 
split  Calamus  or  flagellaria  stems  or  other  suitable 
materials.  41  The  lengths  of  the  leaflets  may  be  trimmed  to 
produce  a uniform  sired  sheet  or  may  be  left  in  uneven 
lengths.  5)  The  resulting  thatch  sheets  are  dried  in  the 

The  thatch  is  applied  in  layers  (Figs.  8. ID  & 8.2BI, 
with  each  sheet  being  tied  to  the  rafters  with  coconut 
sennet  or  vines  (e.g.  Tylophora  spp.l.  Halls  may  also  be 
constructed  from  the  same  thatch  sheets  (Fig.  S.ID). 

Thatch  using  Metroxyion  leaves  is  of  considerable  value 
to  local  peoples.  On  Guadalcanal  in  the  Solomon  Islands, 
sewn  thatch  sheets  sell  for  SISl.SO  each,  or  about  one  third 


,<iQ 


193 


Figure  0.2  A.  Faitatafiti  thatch  aheet  o£  Metcoxylon 

wacturgii.  8.  Hatcoxylon  uarbuegii  thatch  applied  in 
layera.  C.  A atingray^arving  made  from  Macroxylon 


194 


195 


The  leaflets  (basic  thatch  naterlalsl  of  M.  amicarim 
and  M.  vazbutgii  contain  highly  modified  and  enlarged 
subhypodermal  bundles  of  fibers-  These  fibers  explain  the 
enduring  quality  of  thatch  made  from  these  species.  As 
humans  have  selected  these  species,  they  have  probably  also 
selected  for  increased  fiber  production  and  have  selectively 
planted  cultivated  trees  with  better  leaf  qualities. 

Starch 

Sago  starch  produced  from  WeCroxylon  eection 
CoelDCOCCUs  is  of  secondary  in^ortance  (unlike  section 

is  presently  or  has  been  formerly  used  as  a source  of  edible 


Solomon  Islands  and  Bougainville,  the  areas  immediately 


Metroxylon  is  of  considerable  importance  as  a starch  source. 
Production  and  usage  of  sago  starch  varies  somewhat  from 
location  to  location  but  can  generally  be  summarised  in  the 
stages  as  indicated  in  Table  8.1.  Guppy's  description  of 


sago  processing  is  typical: 

In  Che  extraction  and  preparation  of  the  sago,  the 
natives  of  Bougainville  Straits  employ  the  following 
method.  After  the  palm  has  been  felled  and  all  the  pith 

crunk,  the  pith  is  then  torn  up  into  small  pieces  and 
placed  in  a trough  extemporized  from  Che  broad 
sheathing  base  of  one  of  Che  branches  of  the  felled 
tree.  The  trough  is  then  tilted  up  and  is  kept  filled 
with  water,  which  running  away  at  the  lower  end  pasees 
through  a kind  of  strainer,  made  of  a fold  of  the 
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vegetable  matting  that  inveats  the  baaea  of  the 
hranchea  of  the  cocoa-nut  tree,  and  ia  then  received  in 
another  trough  of  almilat  material.  The  fibroua 
portion  of  the  pith  ia  thua  left  behind,  and  Che  aago 
ia  depoaited  aa  a aedinent  in  the  lower  trough,  when 
thia  trough  ia  full  of  aago,  the  auperfluoua  water  is 
poured  off,  and  the  whole  ia  placed  over  a fire  so  as 
to  get  rid  of  the  remaining  moisture....  The  sago  is 
now  fit  for  consumption,  and  is  wrapped  up  in  the 
leaves  in  the  form  of  cylindrical  packages  lal/2  to  2 
feet  in  length.  (Suppy  1987,  pg.  hD) 

Metroxylon  starch  may  also  be  eaten  as  raw  chunks  of  pith  or 

taken  as  sea-provisions  on  long  canoe  voyages  (Codrington 

1891).  The  raw  starch  has  also  been  used  as  pig  feed. 

primary  carbohydrate  source  in  parts  of  Che  western  Solomon 

Islands.  Formerly  it  was  eaten  as  a staple  in  parts  of 


Polynesian  outliers  (chapter  two)  and  Botuma.  Throughout 


famine  food  (although  this  is  questionable  in  Fiji  [Seemann 
1S6S-1S73]  and  in  at  least  one  culture  in  the  eastern 
Solomon  Islands  [Woodford  1890]).  Aa  discussed  above, 
production  of  sago  from  M.  pauleoxil  and  M.  uarburgii  is 
probably  a recently  introduced  concept  in  Samoa.  No  one  was 
observed  producing  starch  from  M.  pauicoaii.  Although 


rare,  the  trees  being  much  too  highly  valued  for  thatch. 
Presently,  many  cultures  have  virtually  abandoned  the 
production  of  sago  starch,  ia  favor  of  other  starch  crops 


rice.  Ihe  present  state  of  usage  and  abandonment  of 
MetiOKylon  starch  is  well  svnnmarized  In  the  modern 


e provided  by  Done: 
e other  Metroxylon  spp. 


durable  thatch.  This  species  tW-  wsrburgii)  is 
commonly  cultivated  for  this  purpose.  The  abun 
pulp  in  the  large  fruit  is  unpalatable  but  the 
endosperm  is  occasionally  used  as  a vegetable  i 


It  is  likely  that,  as  the  development  of  Industrial 

is  advanced,  species  of  section  Coelococaus  will  be  drawn  in 
as  new  starch  sources  and  as  breeding  stock,  possibly  for 
drought  tolerance,  The  increased  usage  by  industry  will 
lead  to  local  renewal  of  interest  in  sago  starch  production. 
Miscellaneous  uses 

Secondary  to  thatch  and  sago  are  uses  of  the  fruits, 
leaves  (other  than  for  thatch),  apical  meristems,  and  wood. 
KetToxylon  fruits,  particularly  those  of  H,  salomonense  and 
M.  amicarum  have  been  (and  are  still)  used  as  sources  of 
vegetable  ivory.  Formerly  European  industries  imported 
quantities  of  Uetcoxylon  seeds,  i.e.  'ivory  nuts,’  which 
were  cut  into  buttona  for  clothing.  The  seeds,  which  are 
quite  hard  and  ivory-like,  are  carved  to  produce  cultural 

The  Solomon  Islands  presently  exports  M.  salomonense  seeds 
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to  Alaska  whece  they  are  carved  and  sold  by  traditional 
peoples  in  place  of  sea-mammal  ivory.  Metcoitylon  saicarim 
seeds  are  carved  and  sold  locally  in  the  federated  States  of 

these  ’ivory  nuts'  that  were  brought  to  Europe  by  sailors 
eventually  became  labeled  as  collections  of  "petrified 
apples"  in  Bi.  Immature  fruits  (seeds)  are  occasionally 
reported  as  being  eaten,  particularly  by  children. 

The  leaf  sheaths  are  commonly  covered  externally  with 
rough  spines  and/or  rib-like  protuberances.  These  rough 

other  food  products  that  must  be  grated,  the  smooth  inner 
surface  of  the  sheaths  also  may  be  used  as  temporary 
containers  or  troughs  fox  animal  feed  and  as  kneading  boards 


The  leaf  rachis,  without  leaflets,  may  be  used  as  a 
raft  (firth  1950).  Metroxylon  leaflets  may  be  used  to  line 
cooking  pits.  Woven  leaflets  may  be  used  as  ten^orary 
baskets.  Whole  leaves  are  used  to  cover  and  protect  dry- 
stored  canoes  (Peinberg  1988)  . The  stiff,  hard  midribs  may 
be  used  to  make  brooms,  may  serve  as  temporary  sewing 
needles  or  pins,  or  may  be  used  as  thatch  sheet  skewers 
(firth  1950).  Guppy  (18871  reported  that  gourd  bottle 
corks/stoppers  are  made  from  lightly  rolled  discs  of  sago 
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rally  fallen 


ay  be  checked  periodically  fc 
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be  felled  with  the  intention  of  collecting  larte  or  fungus 
at  later  times.  The  practice  of  intentionally  felling 
Metroxylon  to  induce  production  of  secondary  products,  may 


Other  uses  of  Metroxylon  which  are  either  being  studied 
or  are  presently  in  use  in  section  Metroxylon  include 
alternatiTB  uses  (non-food)  of  sago  starch  and  uses  of  by 
products  of  sago  production.  Sago  starch  is  a useful 
substrate  for  commercial  fuel  ethanol  production  (Has)ca 
1995,  Holmes  a Newcombe  19S0,  Ishira)<i  a Tripetchkul  1995, 
Lee  et  al.  1987,  Newcombe  et  al.  1980,  1982,  Rhee  et  al. 
1984).  The  starch  has  also  been  used  on  an  industrial  scale 
to  feed  pigs  and  chic)cens  (Dunsmore  a Ong  1970,  Jalaludin  et 
al.  1970,  Mailer  1977,  Ong  1973,  Springhall  a Ross  1965). 

fibers  and  waste  pith  usage  as  fertilizer.  Pith  and  leaf 
fibers  are  being  studied  for  use  in  paper  production  (Kasim 
et  al.  1995).  Sago  pith  residue  as  a diluent  and  supplement 
to  green  manures  is  currently  being  studied  (Bintoro  1995). 
This  use  is  of  particular  economic  interest,  since 
Hetroxylon  frequently  grows  in  swampy  areas  of  poor  soils. 
Suitable  fertilizers  de'?eloped  from  local  inputs,  such  as 
pith  residue,  could  provide  efficient  low  cost  agricultural 
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improveBencs  fox  Che  peoples  who  farm  in  and  adjacent  to 
cOBunercial  sago  growing  areas. 

Future  research 

Five  international  sago  symposia  have  been  held,  Che 
first  in  1976  and  the  last  in  1995.  The  direct  emphasis  of 
each  symposium  was  on  section  Metroxylon.  Each  meeting  has 
produced  a new  record  of  the  advancement  of  knowledge 

Synqjosium,  helm  in  Kuala  Lumpur,  Malaysia,  September  15-17, 
1979,  produced  a set  of  recommendations  of  future  research 
needs  (Table  8.2).  These  research  needs  are  applicable  to 

research  projects  for  future  agricultural  and  economic 
botany  studies. 


ETHMOBOTASY 

Ethnobotanical  studies  of  Metroaylon  section 
Caelococcua  have  largely  revolved  around  determinations  of 
the  geographical  origins  of  the  species  (Barrau  1959,  1965, 
Firth  1950,  McClatchey  and  CoK  1992).  Belated  to  the 
botanical  origins,  yet  unexplored,  are  the  relationships  of 
Metroxylon  to  the  origins  of  the  cultures  and  cultural 
)cnowledge  of  the  use  of  Metroxylon.  Extended  networ)<a  of 
relations:  ecological,  technological,  cultural,  and 
linguistic  can  be  used  to  provide  supporting  evidence  for 
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Table  8.2.  Becoinmendations  of  the  Second  International  Sago 
Syt^osium,  Kuala  Lumpur,  Malaysia,  September  15-n, 
19"79. 


I.  Starch  Palms  and  their  Environment: 

1.  A comprehensive  record  should  be  assembled  of  the 
traditional  knowledges  on  the  most  useful  clones  and 
how  they  are  identified,  the  cultural  practices,  the 
types  of  soils,  sterile  palms,  pests  and  their  control, 
and  other  practices  relevant  to  cultivation  of 
particular  species. 

2.  Ths  Study  of  palm  environments  should  make  use  of 
currently  available  aids  to  terrain  surveying,  e.g. 
remote  sensing,  aerial  and  satellite  photography,  to 
locate  suitable  areas  that  should  be  reserved  for  the 
development  of  diversified  carbohydrate  palm  baaed 
industry. 

3.  Quantitative  and  qualitative  solar  radiation 
assessments  should  be  Incorporated  into  the  inventory 
of  sago  production  characteristics. 

II.  Ecological  TLdaptation: 

1.  There  should  be  interchange  of  information  between 
plant-biomass  research  workers  in  the  two  environments 
iSweden  and  Insular  South-east  Asia),  and  that  the 
techniques  for  pollard  plantings  of  lignoceliulose- 
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producing  trees  should  be  considered  alongside  the 
study  of  starch-producing  trees,  the  palms. 

2,  Hote  should  be  taken  of  current  studies  on  the 
mangroTe  environment,  another  highly  specialised  plant 
biomass  producing  system  of  value  per  se,  vis.  without 
alteration  of  the  water  regime;  it  was  noted  that 
mangrove  species  also  served  as  staple  food  plants  in 


III.  Rural  Development  and  Plantation  Agriculture: 

1.  The  strategy  of  land  use  currently  being  adopted  in 
Papua  New  Guinea,  of  encouragement  of  participation  by 
individual  farmers,  should  be  studied  by  other 

2.  Governments  should  note  and  study  the  is^lications 
of  the  shift  of  energy  sources  towards  renewable  fuels, 
vis.  the  changes  in  the  location  of  population  and 
industry  arising  from  plantation-based  energy  and 
feedstock. 

1.  Pull  advantage  should  be  taken  of  studies  on  other 
palms  such  as  the  oilpalm,  coconut  and  datepalm,  for 

commercial  management  was  available. 
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2.  Study  of  the  free  tillering  phenomenon  and  new 
methods  of  tissue  culture  of  sago  palms  are  recommended 
for  the  establishing  of  elite  clones. 

3.  In  addition  to  the  conservation  of  wild  stocks, 
suitable  clones  of  all  potentially  useful  species 
should  be  collected  for  the  gene  pool,  to  facilitate 
studies  on  the  comparative  rates  of  starch  accumulation 
during  development  in  order  to  determine  earlier 

4-  Induced  sterility  via  suppression  of  flowering  (or 
removal  of  flower  initials)  should  be  studied  to 
examine  the  commercial  value  of  this  technique  for 

5.  The  nature  of  genetic  and  environmental  influences 

aboriginal  exploitation,  selection  of  productive 
sagopalms  had  largely  been  an  ignored  feature  that  has 
economic  implications  for  extensive  commercial 
exploitation,  i.e,  the  duration  of  the  starch 

6.  Dangers  from  disease  and  pests,  inherent  in  large 
productivity  research  should  include  techniques  of 


poly-culti^ 
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V.  Production  Technology 

1.  Machinery  chosen  for  development  should  not  disrupt 
Che  local  social  system  and  edaphic  conditions. 

2.  Special  attention  should  be  given  to  the  study  of 
methods  of  harvesting,  transport  and  pond  storage  which 
would  avoid  biodeterioration,  e.g.  harvest,  transport 
and  storage  of  whole  trunica  being  preferable. 

VI.  carbohydrate  Extraction 

1.  The  factors  involved  in  biodeterioration  associated 
with  the  several  unit  processes  of  harvesting  and 
extracting  starch  should  be  identified  and  their 
control  investigated, 

2.  Assistance  should  be  sought  internationally  to 
produce  a comprehensive  basic  study  on  the 
International  starch  market,  as  it  affected  palm 
starches  and  sugar,  for  use  by  Individual  governments 
and  specific  plantation  schemes. 

3.  Research  should  be  conducted  to  study  the  optimizing 
of  Che  generation  and  extraction  of  "fermenta 
carbohydrates,  as  feedstock  for  palm  produot 


able” 
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VII.  Food  Production 

1.  A regionally  atandardired  method  of  surveying  plant 
food  and  fuel  resources  should  be  adopted,  talcing  note 
of  the  hiciden  social  costs  of  subsidizing  specific 
crops  and  commodities. 

2.  Efforts  should  be  made  to  raise  the  current  low 
status  accorded  to  indigenous  starch  palms  within  the 
foodcrop  hierarchy  in  light  of  future  food  needs. 

3.  The  value  of  the  carbohydrate  palms  in  increasing 

available  protein  was  noted  and  it  was  recommended  that 
two  technologies  be  given  serious  consideration:  (a) 

The  use  of  palm  starch  and  sugar  in  food-industry,  i.e. 

amino-acids,  etc.,  and  (b)  The  use  of  traditional  sago 
products  with  good  keeping  quality,  such  as  briquettes, 
to  increase  the  available  food  reservee,  especially  for 
use  as  an  emergency  or  relief  food. 

4.  An  inventory  of  abandoned,  misused  and  underused 
land  should  be  prepared  for  rehabilitation  to  a 
productive  etate  as  part  of  the  palm  culture,  although 

profit-motivated,  and  realistic  consideration  must  also 


of  th« 


two  or  more  parallel  patterns  of  distribution  and  eTolutlon 
of  cultures  and  species. 

Several  issues  of  prime  importance,  which  are  not 
settled  by  this  study,  are:  Did  the  species  of  Wetroxylon 

region?  ftnd,  have  humans  played  a significant  role  in  the 
distribution  of  the  species  of  Metcoxylon'!  It  humans  have 
played  an  active  role  in  the  evolution  and/or  distribution 
of  Hetroxylon,  how  extensive  has  chat  role  been?  The 
evidence  that  is  presently  available  is  limited  and  indirect 
but  provides  a basis  for  questions  chat  may  be  answerable 
through  future  research. 

The  cultures  that  use  Metroxylon  section  Coelococcus 
(Fig-  8-9)  represent  at  least  three  language  groupings  and 
two  or  three  migrations  of  peoples  into  Che  Pacific  region 
from  insular  Indo-malaysia.  The  progression  of  humans  into 

west-to-eaat  movements  (but  with  significant  counter 
movements  and  'eddies')  beginning  not  long  after  the  end  of 
the  Pleistocene,  and  completed  only  within  the  last 
miliennium"  (Kirch  1984  p-41)-  This  movement  of  peoples 
consisted  of  at  least  one  earlier  wave  or  migration  and  one 
later  (as  early  as  6000  B.P.,  see  Pawley  and  Green  1975) 
migration,  The  earlier  wave(a)  of  peoples  penetrated  at 
least  as  far  as  the  central  Solomon  Islands  and  possibly  as 


Fiji,  and  Rotuma.  The  late 
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peoples  was  well  under  way  by  3600  B.P.  (Sieen  1979)  with 
peoples  called  LapiCS/  expanding  from  Indonesia  Into 
Oceania,  eventually  reaching  Hawaii,  Hew  Zealand  and 
possibly  South  America.  As  early  as  1000  B.P.  groups  of 
peoples,  who  had  previously  expanded  east  into  Oceania,  (the 
Polynesians),  began  to  travel  west  back  into  the  islands 
from  which  their  ancestors  had  come.  This  retrograde 
movement  is  represented  now  by  the  cultures/languages  )tnown 
aa  the  Polynesian  outliers  (Fig.  5.11C,  also  see  chapter 

The  descendants  of  the  earlier  migrations  of  peoples 
speak  Papuan  languages  (non-Austronesian) . The  descendants 
of  the  later  migrations  speak  Austronesian  (from  Proto- 
Auatronesian,  Dyan  1971)  languages  (Fig.  8.5).  The 
Austronesian  speakers  are  divided  into  two  subgroups  for  the 
purpose  of  this  study,  representing  those  who  migrated  the 
furthest  into  Oceania,  the  Polynesians,  and  those  who 
migrated  only  into  the  Solomon  Islands,  Vanuatu  and  Fiji, 
the  Melanesians.  These  three  language  groups  are  coincident 
with  the  distributions  of  Metroxylon.  Papuan  language 

Coelococcus  and  in  fact  these  peaople  also  extend  into 
regions  of  Papua  New  Guinea  and  Irian  Jaya,  where  section 
Hetroxylon  is  common,  indicating  strong  cultural 
affiliations  between  the  intensive  sago  users  of  New  Guinea 
and  those  of  Bougainville  and  the  Salomon  Islands. 


puaii  and  Auscrone 
aages  of  Che  East 


angua 


e Families  of  c 


’apuan  Fhyllum.' 

• Meat  Bougaineille 

— * East  Bougainville 

New  Britain  Stock 

- Yele 

^ -•  Kazukuru  Family 

Central  Solomon  Fa 


B.  Selected  Major 


s.E,  Solomons 


' Based  upon  Wurm  1982. 

' Including  two  languages  of  the  Santa  Crut  group. 

‘ Based  upon  Tryon  t Hackman  1983 

’ Including  only  the  eastern  Ruatronesian  languages  in  the 
Santa  Crus  Group  and  Sotuma. 


Melanesian  language  speakers  ate  found  throughout  the  mid- 
fire species.  The  third  set  of  peoples,  Polynesian 
speakers,  are  found  largely  beyond  the  distribution  of 
Metro^cylon,  The  major  Polynesian  inclusions  being  Samoa, 
Botuaa,  and  the  Polynesian  outliers. 

ArS  (1977),  Barrau  (1965),  and  Guppy  (1906)  each  hare 
determined  that  the  staple  crops  grown  by  the  earliest 
inhabitants  of  New  Guinea  and  the  Solomon  Islands  included 
Metroxylon,  with  subsequent  shifts  away  from  Metroisylon 
rather  than  towards  its  usage,  their  theories  support  the 
hypothesis  that  the  Papuan  peoples  of  New  Guinea  and  the 
Solomon  Islands  must  hare  been  the  first  to  use 
Neteoxylon.  It  follows  that  the  Austronesians  would  hare 
then  acquired  the  knowledge  of  Metroxylon  usage  from  the 
Papuans . 

Table  8.3  prorides  the  lists  of  names  applied  to 
Metroxylon  by  each  language  group  studied.  Note  that  some 
terms  for  Metroxylon  are  the  same  or  similar  in  different 
languages  or  eren  different  language  groups.  These 
similarities  are  eridences  of  cultural  interrelationships 
(Hoenigswald  1960,  1973)  representing  common  ancestor 
descent  relationships,  knowledge  transferences  and/or 
morements  of  the  species  of  Metroxylon. 

Eridences  of  linguistic  similarity  can  be  determined  to 
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Table  B.3  Names*  applied  to  Metroxylon. 


Lanouane  uroup 

Language [island) 

Baltsl  (Bougainville) 
Bantata  (Rendova) 
Bilua  (Vella  Lavella) 
Eivo  (Bougainville) 
Kazukuru  (New  Georgia) 
Ketiaka  (Bougainville) 
Konua  (Bougainville) 
Lavukaleve  (Russell) 
Mocuna  (Bougainville) 
Nasoi  (Bougainville) 
Rotokas( Bougainville) 
Rugata  (Bougainville) 
Savosavo  (Savo) 
Melanesian 

A'ara  (Santa  ysabel) 
Ahamb  (Male)cula) 

Alu  (Shortland) 
Aneityum  (Anatom) 


name  H.  saloaonense 

? M.  warburgii 


0.3  icont . ) . 


applied  to  MetroxyJon. 


Language  group 

Language (laland) 
Melaneeian  (cont.) 

Anganiwai  (San  Cristoval] 
Aola  (Guadalcanal) 
'Are'are  (Malaita) 

Aroai  (San  CilstOTal) 
Acchin  (Kale)cula) 

Aulua  (Malekula) 

Bambatana  (Choiseul) 
Banoni  (Bougainville) 
Baelelea  (Kalaita) 

Baenggu  (Malaita) 

Ba)ii  (Bpi) 

Bauro  (San  Cristoval) 
Bieri  (Bpi) 

Birao  (Guadalcanal) 
Bughotu  (Santa  Ysabel] 
Bwatnapnl  (Pentecost) 
Chuukese  (Iru)t) 

Datovitu  (Guadalcanal) 
Ecalcor  (Efate) 

Eroitanga  (Eromanga) 

Panting  (AnbryDi) 


salcmonense 

salomonense 

salomonense 

saloiaonense 

varburgii 

warburgll 

saloaonense 

salomonense 

salomonense 

salomonense 

warburgll 

salomonense 

warburgll 

salomonense 

salomonense 

uerburgii 


salomonense 

warburgll 

warburgll 

uarbocgii 

warburgll 
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Table  8.3  (cont.l.  Names'  applied 
Language  group 

Language ( Island) 

Melanesian  {cent.} 

Facaleka  (Malaita) 

Fauro  (Faurol 


to  Metroxylon. 


seloaonense 

seloaonenss 


Ghaobata  (Guadalcanal) 
Gog  (Gaua) 

Ghanongga  (Ganongga | 
Hggao  (Santa  Ysabell 
Gharl  (Guadalcanal) 
Nggeia  (Florida) 

Glzo  (G)Uzo) 

Hageulu  (Santa  Ysabel) 
Hanahan  (Su)ca) 

Hanon  (Bougalntille) 
Hogirano  (Santa  Ysabel) 
Hua  (Guadalcanal) 

Hlw  (Torres) 

I'iaa  (Malaita) 

I)tyoo  (Tanna) 

Jajao  (Santa  Ysabel) 


vi  dense 

salomonense 

warhurgii  ? 

salomonense 

salomonsnsel 

salomonense 

salomonense 

salomonense 

saloioonense? 

salomonense 

salomonense 

salomonense7 

salomonense 

warburgiil 

salomonense 

varburgii 

salomonense? 


Kahua  (San  Cristotal) 


(varburgii? 
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Table  8.3  (cont.l.  Names'  applied 
LaniTuaqe  aroup 

Lannuacte  ( Island) 

Melanesian  (cent. ) 

Kakatlo  (Sanca  Ysabel) 


Kia  (Santa  Ysabel) 
Koio  (Malaita) 


Lelepa  (Efate) 
lenakel  (lanna) 
Lengo  ( Guadalcanal ) 


aalomonense? 


saloaonense 


wacbucgii 


arburgli 

saloabnensa 


Lobaha  (%mbae) 
Logohaja  (Sant. 
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Table  B.3  (cent. 
language  group 


longgu  I Guadalcanal  I 
Lonwolwol  (Ambrym) 
Magam  (Ambrym) 

Mago  {Santa  Yaabel) 
Malango  (Guadalcanal) 
Male  (Male) 

Hakura  (Shepperds) 
Harau  (Guadalcanal) 
Chomorro?  (Marianaa) 
Maroeo  (Sew  Georgia) 
Maela  (Esprtto  Santo) 
Merig  (Ban){S) 

Merlav  (Banks) 

Moli  ( Guadalcanal ) 
Mono  (Treasury) 


warburgli 

salomonense 


warburgli 

salomonense? 

saiomonenss 


Ndai  (Gower) 
Kdeni  (Kendb) 
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Inlcoko  ? 


saloaonense7 


Nduke  (Kolonbangaral 
Ndundui.  (Aiiliael 
Ngongoslla  (Malalca) 
Nguna  tCface) 

Nifllole  (Nifilole) 
Nokuku  {Esprito  Santo) 
Oroha  (Karanasike) 
Paama  (Paama) 

Pak  (Vanua  Laval 
Pangkumu  (Malekula) 
Papipao  (Guadalcanal ) 
Petats  (Buka) 

Piva  (Bougainville) 
Pohnpeineae  (Pohnpei) 
Poleo  (Guadalcanal) 
Ponorwal  (Pentecoac) 
Chuuk  (Truk) 

Rllio  (Choiseul) 


warhurgii 

salomonensa 

uarburgii 

saloaonensa 

uarburyii 

wardorgii? 

wardurgii 

salomonense 

warburgii 

aaloaonense? 

aaloaonense 

aalomonense 

saloaonense 

salomonense 

aiBicatam 

salomonanse 

uarburgii 

aaicanm 

aaiomonense 


Roviana  (Parara,New  Georgia)  endeve 
Rowa  (Banks)  ? 

Ruruvai  (Choiseul)  endeve 

Sa'a  (Maramaaike ) sao 

Sakau  (Esprito  Santo)  rato? 


salcUBonense 
warjburgli? 
aalomonense 
salomonense 
uarbbigi i 
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Table  8.3  (cone.).  Namea‘  applied  to  HetroAylon. 
Language  group 

Language [Island I Same  Species 


Sailo  (Bougaineille) 


Sengga  (Choiseul) 
Sesake  (Shepherds) 


Sinetip  (Malekula) 
Sueulu  (Santa  Isabel) 
Tambatamba  (Choiseul) 


salofflonense 
Salomon ense? 
salomonense 


uarbur^il 

salomonense? 

salomonense 


Tasiko  (Epi) 


Te)cel  (Banks) 

Te  motu  (SendO) 

Timputs  (Bougainville) 
Tiop  (Bougainville) 
To'abaita  (Kalaita) 


warhurgii? 


Tolo  (Guadalcanal ) 
Tongoa  ( Shepherds ) 


8.3 


guage  group 


nlaw 


(Olawa 


Ureparapara  (Banks) 
UriplT  (Malekula) 
DruaTa  (Bougainville) 
Utupua  (Utupua) 

Vagena  (Vaghena) 
Vaghua  (Choiseull 


saiomojiense 

salomonense 


sa2cmonense 


sa2oacutanse 

sa2omonense 


saloaonense 


(Choiseul) 


Table  8.3  (cont.j.  Names'  applied  to  Hetroxylon. 
language  sroup 

Lanepiage  (Island)  Name  Species 

Melanesian  (cent. ) 

Wango  (San  CristoTal)  ao  M.  saloaonense 

Aniwa  (Aniwa)  ? 


Futuna  (Futuna) 
Kapinganiarangl  (same) 
Luangiua  (Ontong  Java) 
Mae  I Smae / Sheppards ) 
Matema  (Matena) 
Hele/Fila  (Hele/Fila) 
Nu)capu  (Nu)capu) 


laukoko?  M.  uacburgii? 


Nupani  (Nupani) 
Luangiua  (Ontong  Java) 

Munggava  (Rennell) 
MunggDci  (Bellona) 
Sotuma  (Rotuma) 


lsu)coko?  M.  uaebuegii? 
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Table  B.3  (cent.).  Names'  applied  to  Metroxyion. 


Language  group 

Language [Island) 

Samoan  (Satrai'i  4 'Upolut 

Sikayana 

Taku  (Hoitlook  Island) 
Taumako  (laumako) 

Tikopia  (Tikopial 
Tongan  (Tonga) 

nvea  (New  Caledonia) 
’Ceean  (Wallis) 


niu  Lotuma  M.  warburgll 
niu  Lotuma  M.  paulooxll 


laukoko?  H,  uarburgli? 
Ota  M.  varburgil 

niu  Lotuma  M.  wsrburgii 
niu  Sara  M.  warbtirgii7 


and'from^Codri'n^on 

Hoote  (1979),  Ruddle  ec  ai.  (1978),  Slioffner  (1976),  Tryor 
Hackman  (1983),  and  from  specimen  collectors  notes. 


terms  initially  based  upon  phonetic  similarity.  Saco 
ancestor-descent  relationships  ate  supported  by  systematie 
trends  or  drifts  in  languages,  i.e,  langauges  always  change, 
but  always  change  in  recurrent  and  relatively  consistent 
lintemally  to  any  one  language)  patterns  (Blust  1977,  1975, 
1950,  bonegan  a Stampe  1983,  Sapir  1921,  Vennemann  1975] . 

In  addition  to  standardized  drifts  or  shifts  in 
languages,  some  words  may  be  borrowed  from  one  langauge  to 
another  through  cultural  contacts  due  to  trade, 
intermarriage,  warfare,  etc.  Terms  for  a given 
concept/object  may  be  expanded,  narrowed  or  shifted  in 
definition  over  time,  e.g.,  I am  typing  this  dissertation  on 

mechanical  adding  machine,  but  with  a very  expanded 

calculators.  Finally,  words  may  appear  as  innovations  in  a 

in  related  or  geographically  adjacent  languages. 

Terms  for  »ecro«ylon  and  shifts  in  those  terms  between 
related  languages  can  then  represent  either  hypothesized 

terms  from  one  culture  to  another  (Table  8.4B1,  shifts  in 
term  parameters  or  identification  (Table  8.4C),  ox 
innovative  (autapomorphies)  or  unique  terms  (Table  9.4D1. 

The  final  category  of  autoapomorphies  is  speculative  since 
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it  cannot  be  determined  that  each  unique  term  does  not 
represent  one  or  more  of  the  former  shift  possibilities. 

Although  higher  relationships  of  the  Mestern  Pacific 
language  groups  hate  been  hypothesized  (Biggs  1971,  Dahl 
1977,  Dyan  1971,  Levy  1980,  Pawley  s Green  1975,  and  Burra 
1982),  language  level  relationships  hate  only  been  studied 
in  depth  for  the  Polynesian  languages  (Biggs  1971,  1978) 
with  more  studies  of  groups  of  languages  (Jac)tson  1983, 
LichtenberJc  1988,  and  Iryon  t Hacicman  1983)  being  produced 

when  specific  language  level  relationships  are  explored, 
there  has  not  been  an  attempt  to  employ  the  cladistic 
methods  of  Bonheim  (1990),  Platnick  t Cameron  (1977),  or 
Hoenigswald  (19S0) . Thus  the  relationships  that  are 
available  for  use  in  this  study  are  based  upon  higher  level 
groupings  of  languages  using  "phenetic"  language  comparison 
studies  (based  upion  lexical  similarities). 

Using  the  linguistic  relationships  illustrated  by  the 
cited  studies  of  lexical  similarities  and  recurrent  changes 
(table  8.4A),  a set  of  phoneme  shifts  has  been  illustrated 
for  Netroxylon  section  Coelococcus.  Only  one  set  of  shifts 
identified  (table  8.4A)  includes  terms  from  four  of  the  five 
species  of  Metroxylon  section  Coeiococcus.  The  other  shift 
seta  are  not  as  useful  in  attempting  to  study  the  entire 
section  since  they  cover  terras  for  fewer  than  four  species. 


ilthough 


2£6 


they  ate  still  of  value  for  detemiaatlon  of 
cultural  relationships. 

Figure  fi.4  illustrates  two  language  trees  developed 
from  studies  of  lexical  similarity  as  applied  to  higher 


between  languages/cultures  but  also  indicate  that  these 
relationships  are  distributed  geographically  in  a pattern 
that  is  roughly  from  west  to  east,  or  in  the  hypothesited 
direction  of  movement  of  peoples  into  Oceania  (fig.  8.SA  a 

for  Metroxylon  have  been  placed  on  the  language  trees 
replacing  the  languages/ cultures,  These  new  term  trees 
represent  hypothesized  descent  relationships  for  a specific 
word  rather  chan  a specific  genetic  population  of  humans, 
although  it  is  likely  that  in  many  caaes  genetic  descent  is 
implied  as  well. 

Figure  S.7A  brings  together  the  term  tree  and  the 
phylogentic  tree  of  section  Caeloaoccus  (chapter  five,  fig. 
5.13)  bridged  by  the  geographical  areas  in  which  each  occurs 
(Chapters  six  & seven).  The  trees  do  not  correlate 
perfectly,  but  if  the  non-analogous  branches  (fig.  8.7B)  are 

topologies  (fig.  8.7C).  Thus,  a correlation  exists  between 
the  branching  evolutionary  pattern  of  the  species  of  section 
, which  are  represented  by  terms  in  c 


Coelococcus, 


;able  8.4A, 
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Figure  3.6.  Language  tree  of  aelecced  major  Auscroneeian 
languages  (from  figure  8.4B)  with  names  for 
Metrojiylon. 


‘ Non-homologoua  term  shifts  inserted  as  examples  to 
complete  the  diagram,  from  table  S.3. 
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and  the  branching  distributional  pattern  of  the  cultures 
that  use  the  terns  in  table  8.4A.  Similar  correlations  nay 
also  exist  fox  other  sets  of  linguistic  shifts. 

In  chapter  seven  it  was  implied  that  the  species  of 
section  CoeXocoacus  appeared  to  have  originated  in  the 
Solomon  Islands-  Likewise,  the  Austronesian  cultures  of  the 
areas  of  section  Coelococcas  distribution  appear  to  have 
"originated"  in  the  Solomon  islands  in  that  their  common 
ancestral  stock  moved  through  the  Solomon  islands  on  their 

The  peopling  of  the  Pacific  as  envisioned  by  Irwin 
(1992),  Jennings  (19791,  and  Kirch  (1984)  occurred  along 
specific  routes,  generally  from  west  to  east  along  the 
chains  of  islands  until  the  edges  of  Vanuatu  and  the 
Solomons  were  reached.  Beyond  that  point  the  exploration 
was  generally  upwind  and  against  the  prevailing  currents 
(Irwin  1992).  Furthermore,  peoples  who  moved  north, 
crossed  areas  of  doldrums  and  multiple  equatorial  current 

Species  of  Metroxylon  section  Coelococcas  have  only 
limited  distribution  capabilities  (chapter  seven)  including 
short  distance  water  dispersal  (presumably  in  Che  direction 
of  currents)  or  movement  in  storms  (most  commonly  in  the 
direction  of  prevailing  winds.  With  only  these  two 
possibilities,  a proto-species  of  section  Coelococcus  could 
have  been  distributed  throughout  the  Solomon  islands  and 


Vanuatu, 
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, but  then  would  have  naturally 
diattibuted  to  the  west,  i.e,,  into  Papua  New  Guinea,  not  to 
the  north  or  east.  No  natural  stands  of  species  of  section 
coelococcas  are  hnown  to  exist  in  Papua  New  Guinea  (although 
this  is  the  location  of  section  Metroxylon) . So,  how  did 
the  species  of  Metroxylon,  particularly,  M.  aaicacim,  M. 
paulcoxii,  H.  vitiense,  and  M.  wacbucgii  become  distributed 
to  their  present  north  and  east  locations.  The  linguistic 
evidence  as  presented  implies  the  possibility  that  humans 
moved  the  proto-species  from  the  Solomons,  east  and  north  to 
the  present  distributions  of  M.  amicarum,  M.  paulcoxii,  and 
M.  uarburgii  (outside  of  the  Solomon  Islands  and  Vanuatu). 
The  linguistic  evidence  does  not  shed  light  on  the  means  of 

This  linguistic  evidence  points  to  Che  possible 
distribution  of  section  Coeloooccus  entirely  or  in  part  by 
human  means.  If  that  is  Che  case  then  the  species  of 
Hstroxylon  section  Coeiocoeeus  cannot  be  any  older  than  6000 
years  and  in  fact  may  be  much  younger  than  that.  This  may 
sound  improbable,  but  when  considered  in  the  light  of  the 
morphological  diversity  represented  by  other  human  modified 
domesticates,  for  example  dogs  or  the  ceosince/mays  complex, 
the  small  morphological  differences  between  the  species  of 
Wetroxylon  may  represent  only  human  selection  and 
peripheral  isolate  speciation  events. 
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The  greatest  morphological  diversity  among  the  species 
in  found  within  M.  saloaonense  (chapters  five  i six),  which 
is  spread  from  Bougainville  to  the  eastern  Solomon  Islands 

of  each  of  the  other  species  is  very  limited,  with  M. 
uarburgii  having  Che  next  greatest  level  of  morphological 
diversity,  and  each  of  the  remaining  three  species  having 
narrowly  defined  morphological  ranges.  If  morphological 
diversity  is  a good  estimate  of  genetic  diversity,  then  we 
can  assume  that  the  most  plastic  species,  M.  saloaonense, 
has  Che  greatest  genetic  diversity,  M.  wacbargii  the  next 
greatest,  and  so  on.  If  genetic  diversity/morphological 
diversity  is  a good  measure  of  time  since  the  isolate 
speciation  event  has  taken  place,  then  Che  species  with  the 
greater  diversity,  H.  saloaonense  and  M.  usrburgii  represent 
those  which  ace  more  ancient,  the  remaining  three  species 
then  are  much  younger  in  age.  Of  course,  the  distributional 
pattern  of  Wetro.vylon  could  have  occurred  by  natural 
distribution  and  speciation  mechanisms,  and  then  the  species 
would  probably  be  much  older. 

Using  the  correlation  between  human  cultural  language 
distribution  and  the  dletributions  of  the  species  of  section 
Coelococcus  as  positive  evidence  of  anthropogenic  plant 
dispersal  activities,  three  species,  M.  aalcarua,  M. 
paulcoxil  and  M.  uacburgii  may  have  had  all  or  part  of  their 
etermined  through  human  actions  and/or 


distribution  d« 
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selection.  Since  no  correlations  have  as  yet  been 

state  that  it  was  or  was  not  distributed  to  Fiji  by  humans. 

Metroxylon  amicanm  perhaps  offers  the  best  correlation 
between  linguistic  evidence  and  the  unlikelihood  of  its 
natural  dispersal  to  Pohnpei  island.  Fhylogenetically, 
these  trees  are  moat  closely  related  to  U.  warburgii  land  H. 
paulcoxiii,  which  is  known  to  have  been  carried  by 
Polynesian  voyagers  to  a diversity  of  islands.  Polynesians 
traveled  to  within  close  range  of  or  possibly  to  Kosrae  and 
Pohnpei,  stopping  at  Kapingamarangi  and  Hukumanu  (see  fig. 
8.50.  Alternatively,  M.  amicarim  may  have  arisen  from 
proto-species  introduced  earlier  by  the  ancestors  of  the 
Mlcronesians  who  moved  north  and  east  into  Tuvalu,  the 

source  of  thatch  on  their  small  atolls,  It  is  possible  that 
selection  pressures  in  small  populations  on  widely  dispersed 

extend  its  production  of  leaves  by  not  reducing  the 
interfoliar  ones  to  bracts  (thus  becoming  pleonanthic) , 
would  be  readily  selected  by  the  Micronesians  as  a supplier 
of  superior  thatch.  The  pleonanthic  trees  would  also  have  a 
reproductive  advantage  as  they  continue  to  produce  flowers 
over  more  extended  periods  (see  discussion  under  H. 
amicarum,  chapter  six). 


The  Island  of  Kosrae  currently  has  no  Metcoxylon,  but 
oral  legends  on  Pohnpei  indicate  that  Metrojiylon  was 
introduced  from  Kosrae  (Merlin  et  al.  1992}.  Perhaps;  as 
has  been  determined  in  other  cultures  [Balick  and  Cox  1996}, 
oral  traditions  about  plant  origins  contain  elements  of 
truth.  If  this  is  the  case  with  this  legend,  then  one  link 
in  the  path  between  the  Santa  Cruz  group  and  Pohnpei,  has 
been  identified.  A second  unconfirmed  link  is  the  report  of 
species  of  Hetroxylon  being  found  in  the  Gilbert  islands 
(Thaman  1992) , 

A second  more  recent  distribution  occurred  when  a 
retrograde  moTement  of  Polynesians  back  into  Vanuatu  and  the 
Solomon  Islands  allowed  them  to  (re)discoTer  the  uses  of 
Metroxylon.  The  linguistic  evidence  is  fairly  clear  (Tables 
6.3  i 8.4)  that  the  Polynesians  acquired  knowledge  of 
Metroxylon  from  Papuans  and  other  Melanesians  located  on 
islands  near  those  they  settled. 

As  discussed  in  chapter  two,  M.  paulcoxii,  may 
represent  a natural  long  distance  dispersal,  a novelty 
introduced  by  the  Polynesians,  or  a recent  segregate  of 
anthropogenic  introductions  of  M.  tiarbargli  from  Rotuma  or 
Vanuatu . 

In  conclusion,  although  it  is  possible  that  non- 
anthropogenic  dispersal  mechanisms  have  been  responsible  for 
the  present  distribution  of  the  species  of  Metroxylon 
section  Coelococcus,  linguistic  evidence  supports 
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anthropogenic  dispersals  for  at  least  three  of  the  species 
studied:  amicarua,  uarburgii  and  M.  paulcoxii. 

Finally,  if  these  species  are  related  eTolutionarily  through 
human  distribution  of  common  ancestral  Metroxylon  stock, 

Chen  humans  have  been  specifically  responsible  for  the  rapid 
speciation  and  evolution  of  these  economically  important 
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